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Foreword: Professor the Hon. Stephen Martin, 
Chief Executive, CEDA
Despite the announced demise of several high profile 
multi-nationals in Australia, manufacturing is not a dying 
industry. Provided policymakers focus on the right type of 
manufacturing, it has the potential to continue to be a signifi-
cant contributor to our economy.
However for this to occur, Australia’s mindset about manufac-
turing must change. Australia cannot compete with low-cost, 
high-volume production. Our future is not in traditional assembly line production. It 
is in advanced manufacturing and opportunities in the global supply chain (GVC).
Advanced Manufacturing: Beyond the production line brings together leading 
thinkers to explore and analyse current practices and opportunities in this critical 
economic sector. It also broadens the discussion to embrace the full scope of 
what advanced manufacturing encapsulates and what policymakers and indus-
try needs to do to transition to improving Australia’s comparative advantage and 
international competitiveness. 
Advanced manufacturing is often associated with niche products such as bio-
pharmaceuticals or defence technology but that is only one part of the picture. 
Economies that have had the most success in advanced manufacturing are those 
that recognise it is not just about products – advanced manufacturing includes 
the full suite of activities from the concept, research and development (R&D) and 
design stages all the way through to post sales services. It is about adding value 
to the production line, and it is very much about securing a place in the GVC.
Knowledge-intensive manufacturing services such as R&D, after-sales mainte-
nance for high tech products and the development of customised solutions for 
specific consumers are just some of the areas where Australia’s future lies.
In reality this transition will most likely mean fewer overall jobs in what is described 
as traditional manufacturing. However, these new jobs will be higher skill, higher 
paying and make a bigger contribution to the economy.
CEDA has used the contributions in this publication to propose a reform agenda 
which outlines 14 key areas that should be addressed under the umbrella of an 
Advanced Manufacturing Industry Plan. The plan is not about handouts, it is 
about providing support to develop competitive and sustainable industries. For 
example through industry/government partnerships in R&D to ensure more of 
the innovations developed are commercialised, or through changing government 
public procurement tender processes to prioritise new-to-the-world technology 
solutions or products that offer improvements or innovations rather than off-the-
shelf solutions.
I would like to thank the contributing authors and CEDA advisory group for 
their contribution to this very important publication. I would also like to extend a 
special thank you to our sponsor for this project, Siemens. Without this additional 
support from our members, projects such as this would not be possible. 
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Foreword: Jeff Connolly, Chief Executive Officer, 
Siemens Australia
Critical fork in the road to Industry 4.0 
Manufacturing has a long history in Australia and is a vital part 
of our economy. Recently though, we have seen a downturn 
in the manufacturing sector; however Siemens believes there 
can be a positive future on the horizon but we have to act 
now. 
Despite some current setbacks in manufacturing in Australia, 
we can and should have a successful and robust manufacturing sector. But 
don’t expect it to look the same as it does today, because the rest of the world is 
rapidly changing and we need to adapt and find our place in what is now a glob-
ally competitive marketplace.
We’re at an exciting point in time. As the world enters the fourth industrial revolu-
tion (Industry 4.0) we will witness significant advancements that will change the 
face of manufacturing. 
With the digitisation of the product development process, we are seeing design, 
production planning, engineering, manufacturing and services merging into one 
unit, instead of being sequential. Production operations will be more efficient and 
flexible with rapid innovation cycles.
The result is improved economies of scale and faster speed to market. Wage 
costs become less important as the technological convergence is increasing pro-
ductivity. This is making production in Western economies competitive again and 
is why we are seeing a manufacturing renaissance happening in countries such 
as Germany and the USA – but also tremendous manufacturing growth targets in 
countries such as India. 
Advanced manufacturing also requires new and advanced skill sets, so educa-
tional institutions will need to work even more closely with industries and research 
bodies to ensure we have a capable and prepared workforce. 
We are seeing that people all over the world are returning to the values of manu-
facturing, which day after day makes real products, secures jobs, and serves as a 
driver for growth, prosperity, and social peace. 
Australia needs to embrace Industry 4.0, find our place in the global supply chain 
and have the right mechanisms, policies and levers to help Australian companies 
and industries compete globally. 
We also need to encourage investment into advanced technologies which are 
available today because this is a journey and transition towards Industry 4.0 and 
we are at a critical fork in the road right now and we must become competitive. 
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Rumours of the death of manufacturing in Australia are greatly exaggerated. 
However, today’s successful manufacturers are enjoying a life very different to 
what has been known in the past. Rather than the mass production and assem-
bly of final products (traditional manufacturing such as steel and automobiles), 
successful Australian manufacturers typically engage in advanced manufacturing, 
which is about variability, complexity and extensive customisation with high value-
add. This usually involves low-volume, high-value manufacturing, with a customer 
and export focus and nimbleness in manufacturing that allows manufacturers to 
provide a customised and responsive solution to the market.
There are many successful Australian advanced manufacturers and they typically 
have similar characteristics of being export-focused, customer-driven, innovative 
and technologically-cognisant. They are also generally good managers of global 
value chains (GVCs or the complex and cross-border chain of activities from the 
conceptual stages to the post-sales stages of production), typically positioning 
themselves at the pre-production stage (for example research and development 
services) and engaging in high value-add activities. Further, they tend to be small 
and medium sized enterprises (SMEs) and also have the distinction of rarely being 
profiled or discussed in the media.
Executive  
summary
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The perception of manufacturing in Australia is shaped by media reports about 
struggling manufacturers, who are more often than not subsidiaries of large mul-
tinational companies involved in high-volume manufacturing, and often poorly 
integrated within GVCs. The news continues to be dominated by an ongoing 
debate about traditional industry assistance, which is typically aimed at luring 
large multinationals to Australia to engage in traditional manufacturing, an area 
where Australian manufacturers struggle to compete. This approach essentially 
tries to pick winners regardless of their economic viability and compensate them 
for locating in Australia. Recent economic history shows that this is doomed to 
fail. 
Instead, government can and should adopt policies that actively facilitate the 
emergence and success of competitive, viable and sustainable industries. 
This policy perspective recommends the implementation of an Advanced 
Manufacturing Industry Plan. It contains key elements of what government and 
industry need to pursue to facilitate the current transition of manufacturing into a 
new and vibrant sector that reflects Australia’s comparative advantage. 
Advanced Manufacturing Industry Plan 
Australia’s high-cost economy means that our comparative advantage in GVCs 
lies in the pre and post stages of the production process (typically services), 
and low-volume/high-complexity/high-variability/high-value manufacturing. An 
Advanced Manufacturing Industry Plan involves enhancing the sources of com-
parative advantage for manufacturers and addressing structural weaknesses. 
This means government needs to take responsibility for ensuring the right mac-
roeconomic and industry-specific conditions exist for manufacturers to take 
advantage of new and emerging opportunities to succeed. Industry must also 
play a pivotal role in enabling the transition, including sourcing capital for invest-
ment, rather than relying on government assistance in the form of subsidies or 
handouts. 
There is much debate around any type of government assistance for manufactur-
ing due to prevailing perceptions around the handout culture. Concern has been 
expressed around assistance simply being another form of protectionism or being 
seen as picking winners at random. Incentivising innovation, fostering collabora-
tion and investing in education and technology have positive spill-overs for the 
entire economy, not just manufacturing. They address the market failure of exter-
nalities, thereby justifying a targeted form of government assistance. These issues 
underpin national prosperity and were detailed in CEDA’s 2013 report Australia 
Adjusting: Optimising national prosperity.
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Incentivising innovation among manufacturing SMEs
Australia lags behind other advanced economies when it comes to innovation, 
particularly new-to-the-world innovations and collaboration. Innovation and col-
laboration are crucial for advanced manufacturing, as they underpin areas where 
manufacturers can add value and compete on a global scale, such as in knowl-
edge-intensive services. 
Government’s role
To enable advanced manufacturers to be globally relevant and take advantage of 
the growing role of knowledge-intensive services for manufacturing, government 
should:
•	 Ensure innovation policy includes services innovation and that as part of this, 
collaboration policy includes service firms operating within a manufacturing 
context as well as manufacturing firms that provide services.
To facilitate value-adding innovative activities, government should foster collabo-
ration by:
•	 Facilitating closer links between technical training institutions, universities and 
industry which would help to overcome the cultural and other barriers that keep 
industry and research institutions from working effectively together. These mea-
sures could include tax incentives that foster research and development (R&D) 
and commercialisation of research; or the creation of research funds dedicated 
to applied research.
To enable advanced manufacturers to specialise in value adding R&D activities 
within GVCs and address the market failure in the uptake of innovation, govern-
ment should:
•	 Introduce public procurement policies (consistent with our World Trade 
Organisation obligations) for manufacturing SMEs aimed at innovative new-to-
the-world products or solutions that will have the ability to add value. 
Industry’s role
Industry should foster value adding innovative activities by improving 
collaboration:
•	 Between industry and research institutions, including universities and CSIRO, 
with a view to increase applied research and innovation that can be commer-
cialised; and
•	 Among industry participants by introducing a system of restricting the benefits 
of innovation to those who participate to create, stimulate and grow industry 
clusters that drive innovation.
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Enhancing the capabilities of the manufacturing workforce 
Advanced manufacturing is a highly complex environment that requires a variety 
of highly capable staff with a diversity of skills and capabilities. Australia lags 
behind its global competitors on the human capital criterion.
To support a more complex manufacturing environment and address Australia’s 
manufacturing skills weaknesses, government should:
•	 Through its education, immigration and workplace relations policies ensure 
Australians are equipped with the skills conducive to an advanced manufactur-
ing career, such as science, technology, engineering and mathematics (STEM) 
skills as well as management and service industry skills. 
Addressing market failure in key enabling technologies (KET) 
uptake 
Technology can play a significant role in equipping manufacturers and their 
workforce with the modern production systems and technology that will enable 
them to produce flexible, complex and responsive solutions to enhance their 
international competitiveness. However, despite these benefits, there is an identi-
fied market failure in the uptake of productivity-enhancing technology, particularly 
among SMEs. This is most often due to financial investment impediments and the 
inability of SMEs to recognise the benefits of applying such technology to their 
business environment. 
To assist in the uptake of technologies that will enable manufacturers to compete 
globally, government should: 
•	 Ensure innovation and technology policies include incentives to improve tech-
nology literacy within the manufacturing sector, particularly for SME employees, 
with a view to boosting rapid adoption of KET and modern production systems 
for high-cost economies. 
On the supply side, government should:
•	 Ensure communications infrastructure is affordable and upgraded to provide 
the quality of service and security required by advanced manufacturers. 
Enhancing firms’ participation in global value chains
It is vital for Australian manufacturers to successfully integrate in GVCs and take 
advantage of growing potential of knowledge-intensive services in manufacturing 
GVCs.
To facilitate this, industry should: 
•	 Develop a roadmap that embraces a high degree of export focus as well as 
customer responsiveness and service (providing a customised solution), with 
knowledge-intensive, high-value services (for example R&D) being a core 
competency either through developing in-house expertise in those services or 
partnering with professional services firms; and
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•	 Pursue cultural change within organisations through improved leadership of 
management teams.
Government should:
•	 Provide a clear indication of its support for new and emerging high-value manu-
facturing, specifically by prioritising its trade policy negotiations towards services 
and its export promotion mission away from the sale of finished products to the 
sale of manufacturing services and solutions.
Rebranding manufacturing
The poor perception of manufacturing in Australia is a hurdle for successful indus-
try participants. Advanced manufacturers struggle to attract and retain talent 
while potential customers and policymakers continue to sidestep the potential 
opportunities offered by advanced manufacturing. 
Government and industry bodies should improve the perception of manufacturing 
by re-positioning the debate with the view to:
•	 Highlight the achievements of successful advanced manufacturers who have 
capitalised on Australia’s comparative advantage and move the debate towards 
benchmarking Australia against the rest of the world; 
•	 Promote Australian advanced manufacturers as increasingly successful players 
in GVCs; and 
•	 Attract and retain workers to a manufacturing career, particularly highly-skilled 
workers and management. 
Contributions
This report brings together experts from the manufacturing field to provide 
evidence-based analysis of advanced manufacturing and its potential future in 
Australia. 
In The constantly changing manufacturing context, Professor Göran Roos, Chair, 
Advanced Manufacturing Council, discusses the dynamism of manufacturing and 
how manufacturing will continue to change due to global trends such as tech-
nological and consumer behaviour changes. He examines the impact of these 
fluctuations on Australian manufacturers, identifies the challenges they face as 
they grapple with these changes, particularly in terms of Australia’s weaknesses 
in a global context. Professor Roos also identifies opportunities for Australian 
manufacturers and recommends a modern approach to the manufacturing policy 
framework based on that of other successful advanced manufacturing countries.
In Advanced manufacturing global value chains and policy implications, Jane 
Drake-Brockman, Non-Executive Director, Australian Services Roundtable, exam-
ines global value chains (GVC) and how Australia lags behind other advanced 
economies in its participation in the GVC. She also discusses the growing impor-
tance of the role of services in the GVC and manufacturing, which she argues 
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has policy implications. She recommends that firms should aim to specialise in 
one task within the value chain and that policy makers should place more focus 
on innovation and trade policy for services for Australia to be ready to participate 
more efficiently in GVCs.
In Advanced manufacturing: A smarter approach for Australia, Innes Willox, Chief 
Executive, Australian Industry Group, proposes that advanced manufacturing 
is about the approach to creating value around any manufactured product. He 
argues that, even though sound macroeconomic policies such as taxation set-
tings and regulatory reform underpin the growth of advanced manufacturing in 
Australia, skills, collaboration and innovation are also important. He recommends 
that improvements in the skills and knowledge of manufacturing employees, in 
the relationship between industry and research institutions and in the perception 
of manufacturing in Australia are crucial for the success of the industry.
In META – Creating the engine for an advanced manufacturing industry in 
Australia, Albert Goller, Chair, Manufacturing Excellence Taskforce of Australia 
(META), discusses the approach that META, a public funded membership organ-
isation, takes to support the future of advanced manufacturing in Australia. He 
describes META’s bottom-up approach to the transitioning task facing manufac-
turers, which involves identifying the top performing manufacturers and research 
institutions that collaborate with industry to create the META 500. The META 500 
will showcase how success is possible through collaboration and participation in 
projects and will be a benchmark for the advanced manufacturing industry.
In Key enabling technologies, Dr Swee Mak, Director, Future Manufacturing 
Flagship, CSIRO, discusses the impact of key enabling technologies (KET) such 
as information and communication technology (ICT) and the Industrial Internet 
on advanced manufacturers in Australia. He argues that adoption of ICT and 
other KET will have a positive impact on firms’ productivity, competitiveness, 
responsiveness and ability to customise products, factors which are crucial for 
a successful advanced manufacturing sector. Finally, Dr Mak demonstrates how 
technology can drive down costs for manufacturers and improve collaboration to 
create value. 
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For most Australians, manufacturing is synonymous with a sense of doom and 
gloom, perpetuated by the media’s constant reporting of factory closures, job 
losses, and large multinational companies exiting, or planning to exit, Australian 
manufacturing – notably (but not only) automobile manufacturing. As a result, the 
national policy debate rarely moves beyond industry assistance, with some sec-
tions of the community calling on the government to step in to save struggling 
manufacturers, and by extension, Australian jobs, while others are demanding an 
end of the so-called handout culture, arguing that it has a cost and does not 
create sustainable employment in any case. 
CEDA Overview
Sarah-Jane Derby
CEDA Senior Economist
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The media reports do reflect real and major problems for firms and employees in 
parts of the sector and debate around assistance is healthy and should not be 
dismissed. However, the woes of some manufacturers are not unique to Australia, 
nor are they a new phenomenon. Traditional manufacturers in advanced econo-
mies across the globe, those aiming for (but struggling to achieve) low-cost, 
high-volume business models, have been suffering from a similar malaise since 
the rise of free trade and globalisation – forces which have driven rapid improve-
ments in prosperity around the world, but which have also triggered significant 
adjustment problems, notably in manufacturing in advanced economies.
Over the past few decades, Australian manufacturers have grappled with eco-
nomic and structural challenges that have left many of them at a comparative 
disadvantage in the global market, particularly in the face of strengthening 
low-cost competition from emerging nations, initially from Japan, before China 
dramatically surpassed it, but more recently also from South Asian and Southeast 
Asian nations, among others. The relatively strong Australian dollar, high labour 
costs, rising energy costs and a small domestic market have contributed to the 
sector’s inexorable decline and inability to compete on a cost basis alone. 
Between 1980 and 2013, the manufacturing sector’s contribution to gross 
domestic product (GDP) has almost halved, from 13.2 per cent to 6.8 per cent last 
year, the lowest point over the period as shown in Figure 1.1 To put this number 
in even more perspective, the sector peaked at 28 per cent in the 1960s.2 Some 
industries, such as the textile, clothing and footwear (TCF) manufacturing and tyre 
manufacturing industries are now mostly defunct, with the car manufacturing set 
to follow suit by 2017. At the same time, other sectors (such as mining and the 
services sector) have been growing in importance in our economy, although the 
agricultural sector’s contribution has remained fairly steady over the period. 
Figure 1 
vAlue Added As A percentAge of gdp; selected sectors
Source: ABS cat 5206.0
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In terms of employment, the story is very similar. Between 1984 and 2013, manu-
facturing’s share of total employment has been steadily dropping from 16.8 per 
cent to a trough of 8.1 per cent last year as shown in Figure 2.3 In absolute terms, 
this equates to about 155,160 jobs lost over close to 30 years and job losses are 
only set to grow in 2014. At the same time, the importance of the services and 
all other sectors (primarily made up of services) has been growing consistently. 
While declining employment in manufacturing is partly due to rising automation 
(i.e. capital equipment replacing labour) and some productivity gains, the sector’s 
declining contribution to GDP suggests deeper structural changes are occurring 
in the sector.
Despite the gloomy figures about the state of the industry, particularly following 
the spate of bad news in the first quarter of 2014, it may be premature to be 
calling for the demise of the manufacturing sector as a whole. While manufac-
turers who compete in the low-cost, low-margin, high-volume market are doing 
it tough, the real manufacturing story is less straightforward than the numbers 
suggest. Examining the global trends behind manufacturing and identifying the 
opportunities they offer to Australian manufacturers is crucial as the industry tran-
sitions away from its current state, especially against the backdrop of retaining 
a mix in the economy that enables sufficient value creation for the country as a 
whole to maintain its present living standard. 
Figure 2 
selected sectors’ eMployMent As A shAre of totAl eMployMent
Source: ABS cat 6291.0
19
84
19
86
19
88
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
20
06
20
08
20
10
20
12
Agriculture (LHS)
Mining (LHS)
Manufacturing (LHS)
Services and all other sectors (RHS)
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.70
0.72
0.74
0.76
0.78
0.80
0.82
0.84
0.86
0.88
A d v A n c e d  M A n u f A c t u r i n g   B e y o n d  t h e  p r o d u c t i o n  l i n e
15
Beyond the production line
There are many Australian manufacturers who have been resilient in the face of 
challenging economic and structural conditions although they are rarely in the 
media spotlight. These ‘hidden champions’4 exemplify the other side of the manu-
facturing story: There is such a thing as a successful Australian manufacturer and, 
in fact, there is scope for those manufacturers to contribute to and support the 
long-term continuation of a viable and strong manufacturing sector and its con-
tribution to the growth of the Australian economy. These manufacturers exhibit 
characteristics that fall broadly within the category of advanced manufacturing.5 
The distinctions drawn between a traditional and an advanced manufacturer vary 
in the literature. However, the Institute of Manufacturing provides a holistic defini-
tion of advanced manufacturing (or high-end manufacturing) as being “…the full 
cycle of activities from research and development, through design, production, 
logistics and services, to end of life management…” 6 This definition is distinct 
from what we would expect of a traditional manufacturer, where the focus would 
be primarily on the production side of things – just one link in the chain rather 
than the whole chain. In other words, advanced manufacturing goes beyond the 
production line to capture the more complex trends in manufacturing, seen within 
global value chains and including technological innovation. 
Every Australian manufacturer has the chance to become an advanced manu-
facturer in theory. In practice, however, not everyone will succeed and those who 
do succeed at advanced manufacturing tend to have common characteristics, 
including:7 
•	 Innovation: Successful advanced manufacturers innovate, constantly invest in 
research and development (R&D) and understand the role of technology as a 
competitive edge. They also innovate in non-technological areas and focus on 
simultaneously innovating to create value and innovating to appropriate value.
•	 Global value chain (GVC) cognisance: They manage their value chain and 
position themselves within it accordingly – for example, by including pre- and 
post-production activities. 
•	 Export focus: They primarily serve export markets and often serve niche markets. 
•	 Customer focus: They understand and are very responsive to the needs of their 
customers and the increasing trend to customer-responsive customisation. 
•	 Value focus: They compete on value for money not on cost.
•	 Small and medium sized enterprises (SMEs): Many advanced manufacturers 
are small and medium rather than large scale enterprises. 
•	 Highly skilled employees: They have highly competent employees and highly 
capable management frequently combined with a high performance workplace 
system. They continuously invest in education of their workforce.
•	 Collaboration: They are highly collaborative and understand how to manage 
competitive relationships.
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Examples of successful Australian advanced manufacturers abound. This over-
view includes three case studies: 
•	 Codan which developed its core competence around the R&D side of the value 
chain and manufactures high complexity, low volume products domestically 
while offshoring low-margin production; 
•	 NOJA Power which shows that collaboration between industry and government 
can be profitable when it comes to innovation and advanced manufacturing; 
and 
•	 Liferaft Systems Australia whose focus on innovation and technology has 
made it a world-leader in marine evacuation systems. 
There are many other examples, including those who have successfully transi-
tioned from traditional to advanced manufacturing. Textor Technologies, as an 
example, is a survivor of the now mostly-defunct TCF manufacturing industry, and 
used, among other things, innovation and collaboration with CSIRO to transition 
to being an advanced manufacturer.8 
Advanced manufacturing is crucial in the Australian context. There is widespread 
evidence that Australia’s comparative advantage lies in high-value, low-volume 
manufacturing,9 with a strong focus on the design, R&D and innovation side 
of the production process. Specialising at the pre-production end of the value 
chain also turns some of the natural disadvantages Australians face into potential 
advantages (for example a skilled and costly labour force), while adding value to 
the production process is crucial to remain viable in a high-cost environment.10 
The world is seeing a resurgence of manufacturing in some advanced economies, 
including the US, meaning that Australian manufacturers will face competition not 
only from low-cost nations, but from countries with similar economic structures.11
Advanced manufacturing has a role to play in boosting Australia’s competitive-
ness in the global manufacturing market. The next sections examine the trends 
behind advanced manufacturing and what needs to be done to ensure Australian 
manufacturers can benefit from these trends. 
A value proposition 
Globalisation has radically changed the way that manufacturers operate. Since 
the rise of free trade, outsourcing production to nations where production costs 
are much cheaper has been a common strategy for manufacturers. Free trade, 
combined with the increasing use of technology and growing trend towards the 
export of services have led to the creation of complex supply chains, known as 
GVCs, as explored by Jane Drake-Brockman in Chapter 2. GVCs refer to the 
chain of activities from the concept end of manufacturing all the way through 
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to the after-sales customer support end, and feedback from customers. These 
activities often occur in separate firms in many different countries, albeit with 
links among them, hence the term global. For manufacturers, it means that they 
participate in GVCs and specialise in a core competence and comparative advan-
tage (a specific activity or set of activities) while outsourcing the rest to a different 
firm or country. Participation in the GVC is crucial for integration into the global 
economy12 – something that is even more important for Australians given our 
small domestic scale and market. As an example, Australia already participates in 
the aerospace GVC13 and also the food processing (or agrifood) industry.14 
The future of the Australian automotive component supply chain is in question 
following the imminent exodus of the remaining three car manufacturers from 
Australia. However, there is scope for some component manufacturers (about 25 
per cent, according to an estimate by Professor Göran Roos) to find new markets 
and participate in the value chain, particularly those who were already innovative, 
diversifying, expanding globally and thinking about servicification.15 
Case study 1: Codan 
Codan is an example of a successful advanced manufacturer that 
manages the GVC to its advantage.
Codan is a designer and manufacturer of high value added electronics 
products in three core areas: radio communications systems, metal detec-
tors and mining technology solutions. The company was founded over 
50 years ago by three South Australian friends and now operates a world 
class manufacturing facility in Adelaide with customers in over 150 coun-
tries across the globe.
Codan’s business strategy focuses strongly on understanding and man-
aging the GVC associated with each of its product segments in order 
to provide innovative solutions to its customers, in very carefully defined 
markets. In order to do this, Codan analyses and researches every aspect 
of the GVC to identify where it can play to its relative strengths, adopting 
a hybrid approach consisting of in-house design and manufacturing, com-
mercial off-the-shelf solutions (COTSS) and outsourcing where practical to 
take advantage of factor cost environments overseas. 
To optimise its position in the value chain, Codan’s Australian manufac-
turing facility focuses on low volume, high complexity, high model-mix 
production, which Donald McGurk, Managing Director and CEO of Codan, 
sees as an area of core competence for Codan. Manufacturing these 
types of products locally ensures the company can maintain the skills and 
capabilities required to compete globally in high value-add product solu-
tions and enables Codan to attract and retain the best engineers and other 
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research, design and development staff. Proximity between research, 
development and manufacturing capabilities is critical to ensure that 
product designs are commercialised rapidly and that the right environment 
is created for innovation. 
However, manufacturing in Australia does present some challenges, 
including high labour costs, high payroll taxes, transport infrastructure 
costs and difficulty in finding skilled employees, particularly engineers. 
Despite these challenges, Codan’s Adelaide manufacturing facility is up 
to the task of producing complex, high value-add products in a high-cost 
environment. The company does not produce high volume, low complexity 
products domestically; instead, production of these products is outsourced 
to Malaysia. This creates a cost-advantage for Codan which underpins the 
company’s customer-focused strategy and positioning in the GVC. 
Codan’s customer-focused strategy involves understanding the needs 
of every client and developing innovative solutions that often incorporate 
third party products and technologies. This is a significant departure from 
some approaches to design and manufacturing that are based on a field of 
dreams analogy of ‘if we build it they will come’, where a standard product 
is produced, often without fully considering the customer’s needs. Instead, 
Codan works closely with customers and focuses on innovative solu-
tions that have the potential to disrupt the market and stay ahead of the 
competition. 
The company’s expansion approach looks at “carefully defining market 
spaces” according to Mr McGurk, with the aim of capturing significant 
share in each defined space. The company’s customers range from 
defence forces to blue chip miners and consumers. Exports account for 
90 per cent of Codan’s revenue.
Using innovation and managing the GVC are not the only ingredients to 
the company’s success. Mr McGurk believes Codan’s continued success 
is also the result of implementing a strong culture of innovation based on 
the following core values: can-do, high performing, customer driven, and 
openness and integrity. He believes these core values are a crucial part of 
the company’s success and ongoing drive to be globally competitive and 
to be a high performing company in the advanced manufacturing sector. 
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The servicification (also referred to as servitisation16) of manufacturing is also an 
important trend. It refers to the growing role of embodied services in manufac-
turing, in particular, pre-production activities such as R&D and post-production 
activities such as marketing and customer service, treated as highly valuable 
sources of information on customer needs. These and other services contribute 
the most value-add in the advanced manufacturing process, act as a point of dif-
ferentiation17, and have the potential to be beneficial to manufacturers operating 
in high-cost economies, including Australia. 
As an example, Swedish manufacturers have repositioned themselves to take 
advantage of the servicification trend, leading to a rise in manufacturing exports 
and in highly-skilled jobs, as discussed by Professor Göran Roos in Chapter 
1.18 In Australia, about 32 per cent of manufacturing exports is services value 
added, particularly business, distribution, transport, telecommunications and 
financial services.19 Australia lags behind other advanced economies such as 
Germany, Sweden and New Zealand on this criterion. Services value added is 
most significant for transport equipment manufacturing at just under 40 per cent, 
closely followed by chemicals and minerals manufacturing, and food product 
manufacturing.20 
The mining equipment, technology and services (METS) sector in Australia exem-
plifies the benefits of servicification – in this case, to the mining sector and to 
advanced manufacturers operating within the sector. METS companies provide 
specialised support and solutions to the mining and minerals sector and com-
panies range from manufacturing, to engineering and professional services firms. 
According to Austmine, the METS industry association, the sector contributes 6.4 
per cent to GDP, including through exports of $27 billion, or about 30 per cent 
of its revenue. A high proportion of METS companies export to New Zealand, 
Indonesia and Papua New Guinea, with 62 per cent of businesses reporting they 
export to Southeast Asia, followed by 56 per cent of businesses exporting to 
Oceania and Antarctic as shown in Figure 3.21 
These figures include manufacturing firms that provide equipment and related-
services to the mining and minerals sector. Manufacturers account for 38 per cent 
of METS companies and 41 per cent of METS revenue, by far the most significant 
player in the sector.22 The contribution of METS to the mining sector and to the 
economy as a whole highlights the importance of trade in services in the global 
supply chain, particularly in adding value, while simultaneously demonstrating the 
importance of embodied services in manufacturing. (i.e. the close link between 
business services and manufacturing).
Other advanced manufacturers also have the potential to gain from the servici-
fication trend, just like manufacturers in the METS sector have. To benefit from 
servicification, companies must first be cognisant of GVCs and understand the 
implication of GVCs for their business. For manufacturers, there is scope for ser-
vicification at both sides of the manufacturing value chain – at the pre-production 
end, i.e. at the concept, design, R&D and innovation stage, which requires a 
highly-skilled workforce and strong intellectual property (IP) laws; and at the post-
production stage, including logistics and after-sales service. 
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Providing a standardised, high-volume product is the domain of traditional manu-
facturers. Advanced manufacturers are distinct in that they provide a customised 
solution or experience,23 moving away from the tangible product towards provid-
ing an intangible service with a product embedded within in. Servicification can 
not only help companies participate in the value chain and add value to manu-
facturing, it also helps them to differentiate their products and support the trend 
towards extensive, customer-responsive customisation.24 
A highly complex environment
Advanced manufacturing requires a highly complex and competitive operating 
environment. According to the contributors to this policy perspective, there are 
a few key enabling factors that are conducive to advanced manufacturing where 
Australia lags behind other nations, namely, collaboration, innovation, skills and 
capabilities. 
Collaboration and innovation 
Collaboration is critical to innovation – innovative activities have evolved from 
a closed process to being one where the sharing of ideas and knowledge has 
become part and parcel of the process.25 Collaboration is poor in Australia by 
international standards. We lag behind when it comes to collaboration between 
industry and academia/scientists, but also score poorly at global collaboration, 
Figure 3 
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despite evidence that collaboration is beneficial to businesses.26 The relation-
ship between the manufacturing industry and the education and training system 
and Australia’s collaboration performance is further discussed by Innes Willox in 
Chapter 3. 
It is critical to facilitate collaborative research between industry and academia/
research organisations to ensure that R&D and innovation is targeted towards 
activities that can be translated and commercialised, and that can add value 
within the advanced manufacturing supply chain. This includes fostering an inno-
vation environment that is more geared towards service activities, keeping in mind 
the close and necessary mutual relationships between business services and 
manufacturing.27 
There is also scope for industry participants to work together to increase inno-
vation within the sector.28 Given that collaboration occurs between many parties 
and frequently in close geographical proximity, there is the additional benefit 
generated through the agglomeration economic effect, frequently known as the 
benefits of working within a cluster or in a hub.29 Benefits include faster revenue 
growth, higher growth in profitability and higher growth in productivity, under-
pinned by an environment that is conducive to innovation provided through the 
many coopetitive relationships in such a cluster.30 
Collaboration aside, Australian businesses’ 
innovation performance has been mixed – the 
proportion of innovation-active businesses fell 
from 44.9 per cent in 2007–08 to 39.1 per cent 
in 2010–11, and although the share has since 
risen, we still lag behind when it comes to new-
to-the-world innovations.31 There is a market 
failure in the uptake of innovation, particularly 
among manufacturing SMEs. Innovation and 
knowledge, once created, is often diffused 
to the entire economy; as a result, the firm 
that invests in innovation is often unable to internalise the investment benefits.32 
Furthermore, many SMEs find it challenging to obtain funding for innovation33 
further worsening the supply of and demand for innovation.
There is scope for the government to incentivise and/or facilitate innovation, par-
ticularly for SMEs, and to foster collaboration. Collaboration and innovation have 
a net benefit for the country when directed towards a value adding activity, and 
towards improving the economic complexity and productivity of Australia. This 
reflects the findings of CEDA’s Australia Adjusting: Optimising national prosperity, 
which included recommendations on how to improve the nation’s capacity for 
successful innovation. In the report, Professor Beth Webster recommends incen-
tivising demand-driven research and collaboration through R&D corporations that 
are mostly industry-led and funded.34 The model is particularly effective for SMEs 
– and would therefore suit advanced manufacturers – as each company is able to 
internalise the benefits of innovation.
“ There is scope for the government to incentivise 
and/or facilitate innovation, particularly for SMEs, 
and to foster collaboration. Collaboration and 
innovation have a net benefit for the country when 
directed towards a value adding activity, and towards 
improving the economic complexity and productivity 
of Australia.”
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The government working with industry to incentivise innovation (for example 
through R&D tax concessions) and fostering collaboration and innovation 
(for example setting up of the Manufacturing Excellence Taskforce of Australia 
– META – via the Industry Innovation Precincts Programme) have proven suc-
cessful. META is a public funded membership organisation of manufacturing 
companies and universities in Australia operating as a channel to facilitate and 
accelerate changes required in the manufacturing sector. META’s bottom-up, 
industry supporting industry approach, discussed by Albert Goller in Chapter 4, is 
aimed at developing an advanced manufacturing sector that is strongly focused 
on collaboration (through hubs and other projects) with a view to help industry 
participants, including SMEs, to achieve best practice and to support growth.35 
The Grains Research and Development Corporation (GRDC) is an example of 
successful collaboration and innovation in the rural sector in Australia. The GRDC 
is a research institution that works closely with grain industry participants to 
improve grain quality and functionality and is mostly funded by industry. Its suc-
cesses include transforming the grains industry of Western Australia’s South West 
region into a leader through collaborating with farmers to develop grain varieties 
that are tolerant of variable weather conditions.36 
Case study 2: NOJA Power
NOJA Power is an example of a successful advanced manufacturer that 
uses collaboration and innovation to stay ahead of the competition.
NOJA Power is a researcher, developer, manufacturer and supplier of low 
and medium voltage switchgear products, specialising in auto reclosing 
circuit breakers for the industrial, infrastructure and electricity distribution 
utilities markets. Founded in 2002 in Brisbane, the company aims to offer 
its customers an integrated solution, superior customer service and reli-
able products through a culture of innovation.
The company delivers its commitment to innovation via ongoing invest-
ment in research and development (R&D). In fact, R&D is the root of the 
company’s existence – NOJA Power was founded through a government 
R&D grant of $750,000 that was matched dollar-for-dollar by the company. 
Since this initial grant, the company has successfully obtained two follow-
up grants: the second grant being for $2.5 million and the third grant worth 
$5 million, also for R&D purposes. These grants were also matched by 
NOJA Power. 
This partnership between the company and the government to incen-
tivise innovation has enabled NOJA Power to create leading-edge new 
products that are more environmentally friendly, safer and with more func-
tionality than that of competitors. As a result, the company has grown by 
doubling its revenue every year and is now a successful, competitive and 
large manufacturing organisation that employs more than 150 people in 
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Australia. According to Managing Director Neil O’Sullivan, the success of 
the company is an example of how government and industry can collabo-
rate to create viable, competitive and global manufacturing organisations.
The company also attributes its success to its location. Because of NOJA 
Power’s commitment to continued innovation with up to 10 per cent of 
revenue devoted to R&D annually, the company requires skilled staff such 
as engineers as well as production staff at its facilities. It therefore located 
itself within the trade coast precinct in Brisbane, an area that acts as an 
innovation hub thanks to its proximity to transport infrastructure and ability 
to attract workers.
According to Mr O’Sullivan, operating in Australia has many advantages, 
including access to wonderful universities, good capital equipment and 
skilled labour. NOJA Power undertakes all its R&D activities in Australia, 
with in-house research and development staff working on constantly 
making improvements to products and on developing next-generation 
products. The company specialises in R&D and developing intellectual 
property in Australia, rather than focusing on inputs. Instead, raw materi-
als are sourced from low-cost countries, taking advantage of the global 
supply chain and giving the company a competitive edge in a high-cost 
environment. 
Serving a global customer base is crucial for manufacturing companies 
given the unsustainable small size of the domestic market and the fact that 
we live in a global village. NOJA Power, which Mr O’Sullivan describes as 
having been born global, derives more than 90 per cent of its revenue from 
exports, with products in service in over 80 countries across the globe. 
Its products are aimed at a global market through, for example providing 
language support software, while it employs a multicultural workforce to 
foster the global culture needed to be successful today. The combination 
of NOJA Power’s culture of innovation, global focus and precinct location 
ensures the company is a competitive advanced manufacturer on the 
world stage. 
The government can also create demand for innovation through public procure-
ment policies (ensuring that they are consistent with our trade obligations under 
World Trade Organisation [WTO] rules). Public procurement is particularly effective 
for SMEs, companies with limited resources and for advanced products.37 It helps 
to lower the risk of innovation for these companies and has the potential to incen-
tivise innovation with a net economic benefit. It also adds to economic complexity 
by building knowledge and capabilities that can then be spread throughout the 
economy. Public procurement of innovation is one of the policies of the EU’s 
Europe 2020 initiative38 and has also been successful in the US through, for 
example the Small Business Innovation Research (SBIR) program.39 Under SBIR, 
about 2.5 per cent of the federal agencies’ research spending is set aside for the 
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sole purpose of purchasing innovative, presently not existing, products and ser-
vices from small existing firms or potential small firms. The program incentivises 
innovation, as opposed to procurement of off-the-shelf solutions that act as a 
hurdle to innovation in local industry.40 
Skills and capabilities
The skills and capabilities of the labour force are crucial foundations of col-
laboration and the economic complexity of a country. Even though Australia is 
generally known as a highly-skilled nation, the country lags behind Organisation 
for Economic Co-operation and Development (OECD) leaders when it comes 
to Programme for International Student Assessment (PISA) scores, with our 
mathematics and reading scores 
worsening in recent years.41 As for 
the skills of manufacturing workers, 
Australia also tends to perform 
poorly, particularly when it comes to 
leadership and management quality, 
according to Innes Willox.42 
Transitioning from traditional to 
advanced manufacturing will require 
a more skilled labour force and as 
a result, manufacturers increas-
ingly face competition for labour from other sectors of the economy (for example 
mining and professional services). Manufacturers face difficulties in attracting 
workers to a manufacturing career in Australia, particularly experienced scientists, 
engineers and managers, as well as younger workers.43 
From an overarching point of view, enhancing the overall skills and knowledge 
of the labour force, particularly in the STEM (science, technology, engineering 
and mathematics) field will help to address Australia’s weak spots. Better STEM 
skills will be of benefit to manufacturers as well. However, the focus should also 
be on other types of capabilities that will be of benefit to advanced manufactur-
ers, including service industry skills. Industry also has a role to play in attracting 
workers to the sector (for example through internships) and in placing more focus 
on the importance of improving the skills and capabilities of its workforce through, 
for example, employer-responsive technical training and strong programs for 
training and skills development within firms.
Developing better capabilities also involves strengthening the link between 
industry and research institutions (including universities) to overcome the cultural 
barriers to undertaking applied research. The barriers for university researchers 
are primarily incentive structures that reward publishing of theoretical research in 
peer-reviewed journals as opposed to applied research topics that would be of 
benefit to industry. There is a role for the government to play in fostering the rela-
tionship between industry and research institutions so as to optimise Australia’s 
manufacturing capability.
“ Developing better capabilities also involves strengthening 
the link between industry and research institutions (including 
universities) to overcome the cultural barriers to undertaking 
applied research. The barriers for university researchers 
are primarily incentive structures that reward publishing of 
theoretical research in peer-reviewed journals as opposed to 
applied research topics that would be of benefit to industry.”
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Case study 3: Liferaft Systems Australia
Liferaft Systems Australia is an example of a successful advanced manu-
facturer that combines in-house skills and capabilities with innovation to its 
competitive advantage.
Liferaft Systems Australia (LSA) is a privately-owned designer and manu-
facturer of high-quality marine evacuation systems and large capacity life 
rafts for use on different types of vessels including conventional ferries, 
cruise ships, military vessels and large private yachts. The company’s 
head office and production centre are located in a purpose-built facility in 
Hobart, Tasmania.
LSA dates back to the early 1990s when LSA’s founders identified a gap 
in the market following a request by shipbuilder Incat for a safe, light, reli-
able and good quality marine evacuation systems that also offer value for 
money. The company then designed and developed an internationally-
approved inflatable life raft that was the first of its kind in terms of the 
number of passengers it could hold but also in terms of safety standards. 
According to Managing Director, Michael Grainger, LSA’s innovative 
evacuation slides revolutionised global safety in the business of passenger 
ferries.
LSA’s global success did not happen by chance or easily. For the first three 
years Incat was the only customer. However, the plan from inception was 
always to become an international exporter. When the company devel-
oped its pioneering evacuation slides in the early 1990s, Australia had no 
brand recognition when it came to marine evacuation systems and the 
company faced an uphill battle to build its brand overseas. Today, exports 
account for 95 per cent of LSA’s business with the company operating 
service centres in 26 countries around the globe, particularly in Europe and 
North America.
LSA’s business model has underpinned the company’s success. Unlike 
many other traditional manufacturing companies of that era, LSA has 
always been a low-volume, high-margin manufacturer, an area of com-
parative advantage for Australia. This business model also enabled the 
company to enter niche markets such as the defence force. LSA also had 
the foresight of targeting export markets as an area of growth early on in 
the company’s life, even though their primary market was domestic when 
the company was first created. 
Even though most of LSA’s customers are located overseas and in spite of 
the long-term manufacturing trend towards offshoring, Mr Grainger says 
that the company has no intention of moving its production centre over-
seas. He believes that given the unique product that LSA manufactures, 
safety and quality standards are crucial to the success of the company 
and Australia, and in particular Tasmania, provides the best environment 
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to manufacture such a product at a competitive cost, with a high enough 
quality standard to ensure international certification recognition.
The company’s continued success lies in its strategy to stay ahead of its 
competitors by continually improving its products and using better manu-
facturing techniques. Further, when LSA was set up in the early 1990s, 
the company developed the skills required to design and manufacture 
its marine evacuation systems in-house, and it now operates its produc-
tion centre with decades of expertise in the sector, which it is continually 
building on. Those factors, combined with a strong safety record which 
is a crucial criterion for success in producing a lifesaving product, have 
ensured that LSA remains a profitable and viable Australian manufacturing 
company even as traditional Australian manufacturers continue to down-
size or exit the sector. 
A technology opportunity
The core role that technology and collaboration between industry and research 
organisations such as CSIRO play in underpinning innovation is one of the many 
ways in which technology can play a role in advanced manufacturing. 
The rising digitisation of our economy and advances made in information and 
communication technologies (ICT) present potential opportunities for advanced 
manufacturers to enable them to respond to global competition.44 While addi-
tive manufacturing (3D printing) immediately comes to mind when thinking of 
technology for manufacturers, the applications are much broader than disrup-
tive technology. As an example, in Chapter 5, Dr Swee Mak discusses how ICT 
applications can improve the way that manufacturers operate their supply chain, 
thereby creating a cost advantage.45 
CSIRO has identified the following four major groups of technologies as being 
key enablers for advanced manufacturing, namely: robotics, mobile devices, 
consumer devices and cloud services. Despite being primarily driven by con-
sumer markets, when adopted by manufacturers, these ICT solutions will ensure 
that advanced manufacturers can be highly responsive to consumer demand, 
thereby enabling agility, flexibility and the ability to provide a customised service 
to customers. ICT technologies can also support manufacturers’ excellence at 
low-volume, high-value manufacturing and underpin their competitiveness. Just 
like breakthroughs in automation technology supported mass production, ICT 
can support the trend towards extensive, customer-responsive customisation. 
Technology can also improve the way that factory floors work. The industrial 
Internet, for example, integrates different fields (including big data, machine-to-
machine communication and the Internet of Things) to make physical factories 
smarter and enable the optimisation of the performance of factory floors.46
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The importance of some technologies for manufacturing can be seen in the focus 
that the EU and the US put on ICT and other key enabling technologies (KET), 
such as nanotechnology, industrial biotechnology, photonics, advanced materi-
als and advanced manufacturing technologies.47 According to Professor Göran 
Roos, these KET underpin the development of modern production systems for 
high-cost economies, such as:
•	 Individualised production systems that permit a high degree of variability;
•	 Virtual production systems that have the objective of reducing time and 
resources use for planning activities;
•	 Hybrid production systems that integrate separate production processes into a 
single process; and
•	 Self-optimising production systems that flexibly and intelligently adapt them-
selves autonomously to changing conditions.
In other words, technology has a significant role 
to play in ensuring that manufacturers transition 
seamlessly from traditional manufacturers to low-
volume, high-complexity, high-variability, high-value 
producers with successful integration in the GVC. 
However, there is a market failure in the provision 
of ICT and other KET within advanced manufac-
turing SMEs partly due to poor communications 
infrastructure and KET understanding and knowl-
edge. There is a role for the government and industry to play in overcoming this 
hurdle, and ensure that manufacturers are equipped with the appropriate tools to 
be globally competitive. 
A perception shift
The poor perception of manufacturing (and by extension, advanced manu-
facturers) in Australia is a major hurdle to the industry’s transition to advanced 
manufacturing, a view reinforced by Innes Willox in Chapter 3. Successful 
advanced manufacturers are rarely profiled in the media and many members of 
the public see any form of assistance as coddling bad behaviour and a waste of 
taxpayers’ money. This, in turn, does not inspire confidence in the workforce to 
consider a career in advanced manufacturing, exacerbating the skills and capa-
bilities shortages that many manufacturers face. 
There is scope for industry to help reposition manufacturing in the mind of 
Australians. Part of the rebranding or positioning would include a shift away from 
the handout culture and the associated pitfalls (and community cost) of being 
dependent on government assistance. Instead, it would pave the way to a more 
positive campaign to shift the debate towards constructive conversations around 
Australia’s actual and potential comparative advantages, where and how manu-
facturers can add value, including the implication of the growing services value 
“ There is scope for industry to help re-position 
manufacturing in the mind of Australians. Part 
of the rebranding or positioning would include 
a shift away from the handout culture and the 
associated pitfalls (and community cost) of being 
dependent on government assistance.”
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add potential in manufacturing. Changing the perception of manufacturing would 
also help to attract and retain skilled workers to the sector and promote Australia 
as an area of opportunity for advanced manufacturers,48 a crucial step if manu-
facturers are to improve their participation in GVCs, and crucial if Australia is to 
maintain its present standard of living.
Conclusion
The way we manufacture products in a modern world has changed. 
Manufacturing is no longer just about production and assembly. The value chain, 
from the conceptual stage all the way through to providing after-sales service, is 
becoming more complex and interlinked. The role of services is becoming more 
crucial for manufacturers in high-cost nations. As consumers continue to demand 
highly-customised products, nimbleness and the ability to respond quickly 
to dynamic demand conditions will be an important competitive advantage for 
manufacturers. 
Manufacturers are not expected to be everything to everyone. Instead, manu-
facturers should specialise in areas along the value chain in which they have a 
comparative advantage (their core competence), outsourcing and/or offshoring 
the rest. For advanced manufacturers in Australia, this comparative advantage 
lies in low-volume, high-value manufacturing, with a strong focus on the pre- and 
post-production activities such as design, R&D, innovation and communications. 
This means that advanced manufacturers would be taking advantage of the ser-
vicification trend in order to add value to the sector. 
There are a few hurdles in the way of Australian manufacturers transitioning to 
advanced manufacturing, including Australia lagging behind in collaboration, inno-
vation and capabilities, a dearth of funding for innovation, ICT and other KET and 
poor public perception of the sector. While all these need to be addressed, the 
industry itself has a major role to play in changing the culture of its companies. To 
be a successful advanced manufacturer, an organisation must foster a culture of 
innovation, collaboration, globalisation and competitiveness. As further structural 
changes remain inevitable, Australian manufacturers must seize the opportunity 
to become part of a vibrant and globally competitive industry. 
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This chapter examines the type of manufacturing 
that can prosper in Australia and outlines a policy 
framework for business and government to achieve 
the transition necessary.
1.  The constantly changing 
manufacturing context
 Professor Göran Roos
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Introduction
Manufacturing is changing and will continue to do so, thanks to the dynamic 
interaction of constant developments in technology and consumer behaviour and 
value perceptions, as well as the shifting forces that encourage improvements in 
efficiency and effectiveness.
On the micro level (groups of individuals and organisations), these changes will 
necessitate investment in developing competencies, equipment, processes 
and production systems. This will in turn encourage innovations that add value, 
especially in service delivery. For manufacturers, this value-adding innovation will 
be essential as production activities become less profitable, and pre- and post-
production activities create more value. 
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On the meso level (industries and clusters), highly complex offerings will be 
relatively more valuable in Australia’s relatively high-cost operating environment, 
which suits low-volume, high-variability and high value adding activities. The 
emphasis should be on building and retaining sectors that help maintain diversity 
in the national economy; are export-oriented, either through being part of global 
supply chains or by a ‘born global’ approach; and are grounded in domains 
where Australia holds a comparative advantage or could create one.
Finally, on the macro level (nations and markets), employment is likely to decrease 
in the manufacturing sector because productivity improvements generally exceed 
growth in demand, and rapid digitisation means firms require fewer workers 
even as they become more service-oriented. As a result, existing and new 
manufacturing activities will have to grow more quickly to compensate. These 
factors combine with the increasing trend towards deindustrialisation, the need 
to improve productivity in the resources sector and increase global competition 
pressure on the domestic retail market. Failure to accelerate growth will dra-
matically increase unemployment in the next five to 10 years, and the close ties 
between employment and income in the service and manufacturing sectors will 
mean that even a growth in services won’t offset the effects.
This chapter outlines a policy framework for business and government to respond 
to these challenges, so that Australia can maintain its present prosperity and high 
standard of living.
How we got here
The fragmented global manufacturing chain grew out of three related develop-
ments, namely: 
•	 Reduced trade barriers, offering consumers more choice and increasing market 
size and thereby laying the grounds for benefiting from economies of scale by 
growing the size of production facilities and thereby firm size;
•	 Increased use of offshore labour, which takes advantage of reduced barriers to 
trade and national differences in labour cost to cut costs; and
•	 Fragmentation and further global dispersal of value chain activities enabled by 
the developments in information and communication technologies (ICT).
As a result of these changes, the value chain has become global and fragmented 
both within firms and in sectors at large. 
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Employment in the manufacturing sector
In the manufacturing sector, productivity improves rapidly due to the high pres-
sure to focus on developing processes and equipment quickly at ever reducing 
cost, rather than increasing the range of product offerings.1 
The automotive industry 
The automotive industry illustrates the extent of this rapid improvement. As one 
of the industries with the highest rate of continuous productivity improvement, it 
is also the source of many productivity improvement tools and techniques used 
across other industries and the public sector. 
In the automotive industry between 1987 and 2002 in the US: 
•	 45 per cent of the productivity improvements originated in process improve-
ments within existing plants, primarily in the adoption of ‘lean production’;
•	 25 per cent originated in the market shift from low–value add models to high–
value add models; 
•	 15 per cent came from increases in the value of existing models as a result of 
adopting new features, improved quality and higher performance; and
•	 15 per cent originated in the market shift towards more efficient producers and 
changes in the production mix.2 
In Japan, 70 per cent of productivity improvements in the automotive industry 
could be attributed to improvements in operations and management systems.3 
For mature industries like the automotive industry, sustained productivity improve-
ment eventually exceeds growth in demand, so firms can satisfy growing demand 
while simultaneously reducing employment. This is one of the key factors behind 
the declining share of manufacturing employment in many countries in the 
Organisation for Economic Co-operation and Development (OECD). 
Manufacturing adds value by adding services
Productivity growth in manufacturing is generally substantially higher than pro-
ductivity growth in most service industries, at the same time as manufacturing 
productivity growth exceeds demand growth in most manufacturing domains, 
while service productivity growth falls below demand growth in most service 
domains.4 As a result, we may see a reallocation of employment from high-pro-
ductivity domains like manufacturing to low-productivity domains like healthcare. 
This will take place more rapidly in de-industrialising, low-complexity economies 
like Australia, and poses a strategic threat to the country’s ability to retain its 
current living standards.5 
Figure 1 illustrates what the studies6 show: that improved productivity in the 
manufacturing sector by far leads that of other areas in the economy.
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A statistical illusion may explain why manufacturing seems to be becoming less 
important in terms of employment: manufacturing firms contract out numerous 
activities ranging from design to transport.7 This illusion is also partially created 
by the blurring of traditional distinctions between services and manufacturing 
as the level of service in manufacturing increases, both as an output created by 
(or on behalf of) manufacturing firms and as an input feeding into them.8,9,10 This 
makes it difficult to measure interactions between the manufacturing and services 
sectors.11 
Using knowledge-intensive business services gives manufacturers an industry 
advantage when the depth of the market is taken into account12, and also con-
tributes to competitive advantage at the firm level.13 In-house service offerings 
have also expanded14,15; service exports in the manufacturing industry more than 
doubled between 1998 and 2006.16 Manufacturing services have shifted from 
being an incomplete offering in a product-focused, transaction-based customer 
relationship to a complete service offering that bundles products and services to 
better meet defined customer needs in a long-term customer relationship.17,18,19 
This is underpinned by the increased value-adding potential when manufactur-
ing migrates from production activities to pre- and post-production activities, as 
illustrated in Figure 2. 
The conclusion from this figure is that manufacturing firms need to increase or 
extend their pre- and post-production activities to maintain a stable potential for 
adding value – highlighting the importance of well-developed service offerings as 
a growth strategy for manufacturing firms. 
Figure 1 
productivity chAnges over tiMe in the gerMAn MAnufActuring And services 
sectors 
Source: www.euklems.net
Services
Manufacturing
80
90
100
110
120
130
140
Index
20072006200520042003200220012000199919981997199619951994199319921991
A d v A n c e d  M A n u f A c t u r i n g   B e y o n d  t h e  p r o d u c t i o n  l i n e
36
The effect on the national economy
A nation’s economic prosperity is tied to the robustness of its manufacturing 
sector, so it is important to understand which characteristics of the sector gener-
ate its high employment effect locally, as opposed to globally. 
First is the economic complexity of the region. Analysing the relationship between 
the level of overall economic development (as illustrated by gross domestic 
product [GDP] per capita) and the degree of industrialisation (as represented by 
manufacturing sector GDP per capita), reveals that22:
•	 Countries with the highest per capita GDP – the US, Japan, Germany, 
Switzerland, and northern European countries such as Sweden and Finland 
– have the highest manufacturing GDP levels. This group is followed by most 
of the remaining European countries, as well as Canada, Australia, and some 
Asian countries such as South Korea.23 
Knowledge and economic complexity
Other approaches, such as economic complexity, also identify the importance 
of manufacturing in the national economy.24 This approach relates an economy’s 
complexity to the multiplicity of useful knowledge embedded in it, since modern 
societies not only amass but also effectively use large amounts of productive 
knowledge. This knowledge is distributed among individuals25, enabling people to 
access knowledge they are not capable of holding individually. To be useful and 
shareable, modules of knowledge need to come together in diverse combina-
tions on the micro, meso and macro levels. This creates networks of informed 
Figure 2 
the shift in vAlue Across key steps in the vAlue chAin over tiMe 
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individuals and groups, enabling increased specialisation and absorptive capac-
ity development, and expanding the potential for deploying it in an economically 
productive way. 
Much of this knowledge is tacit and non-tradable, so it can’t be priced in the 
normal sense. In terms of manufacturing, this distributed system of knowledge 
is sometimes referred to as the industrial commons. It is hard to acquire and is a 
competitive strength for those who hold it, giving superior organisations a basis 
for competitive advantage beyond standard price-based competition.
Economic complexity embedded in industrial commons is evident in high-cost 
manufacturing economies that succeed regardless of low-cost competition.26 It is 
vital to all countries, particularly those like Australia that have become high-cost 
economies and are in clear danger of losing significant manufacturing capabilities 
unless they quickly focus on developing advanced manufacturing activities.27 The 
higher the economic complexity the easier this transition will be, since it requires 
combining the knowledge of a broad range of specialists – including designers, 
marketers, finance specialists, engineers, technology experts from various disci-
plines, human resource managers, legal experts, and environmental and social 
scientists. 
If this information input is missing, the sector cannot create advanced, complex 
products. Making advanced products involves interdependencies and coop-
eration between individual actors, and the more these can be localised within a 
nation or region, the more that nation or region’s economy can capture the bene-
fits. Building these networks so they embody key capabilities, including leveraging 
demand along high-growth value chains, is a central task for policymakers.
The Economic Complexity Index (ECI) examines 128 national economies, mea-
suring their sophistication, uniqueness, pervasiveness and diversity.28 The more 
complex the economy and the faster it grows, the stronger its prospects of creat-
ing value. The top economies are29 Japan (2.3), Germany (2.0), and Switzerland 
and Sweden (1.9). Australia is number 79 with an ECI of –0.3. 
Areas like sophisticated manufacturing increase a country’s ECI, while areas like 
agricultural production and mining bring it down.30 From this, we understand that 
manufacturing is critical for a country to achieve high economic complexity and to 
capture value from the economic activities (including all entrepreneurial activities)
that will underpin its ability to grow employment and GDP. 
The role of the multiplier effect
The second characteristic of high-employment manufacturing relates to the 
balance between the multiplier effects of different types of manufacturing, and 
the geographical structure of their supply chains. While nations must pursue 
highly advanced manufacturing if they are to prosper (hence the often very visible 
focus on high-tech activities), on a local scale, regions may be better served by 
medium-tech manufacturing that creates geographic clusters of similar compa-
nies and suppliers. 
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On the other hand, in terms of the dollar value it contributes to a region, low-tech 
manufacturing is easily superseded by medium- and high-tech manufacturing. In 
comparison higher-tech manufacturing requires higher levels of skill and higher 
wages, and typically leads to higher levels of business and public investment in 
the region. 
Additionally, the multiplier effect of medium- and high-tech manufacturing can be 
greater because robust supplier networks often co-locate in the region to support 
just-in-time manufacturing, as in the automotive industry. As products become 
more sophisticated and detailed – requiring complex subsystems of unique or 
specialised suppliers that provide access to advanced global supply networks 
– the close proximity between the supplier’s production activities and manufactur-
ing or final assembly facility location often becomes less important. We can see 
this effect in the aerospace industry, and increasingly in the automotive industry. 
Access to specialised suppliers and unique global supply networks – not located 
in close geographic proximity – takes priority over the geographic co-location of 
stages in the manufacturing process. The value added to the region may actu-
ally be diminished if clusters of similar companies and their supply bases are not 
formed in the region, due to a locally unmet need to access highly specialised 
and advanced suppliers in other parts of the world. Figure 3 shows the result-
ing relationship between the level of complexity in manufacturing and the local 
economic benefit.
Figure 3 suggests that there is an optimum advanced manufacturing level for a 
region, after which the benefit diminishes. This point could vary considerably and 
depends on a number of factors, including: 
•	 The maturity, vitality and competitiveness of the manufacturing supply network;
•	 The presence of similar manufacturing organisations and public infrastructure, 
such as research universities and technology centres; 
•	 How quickly certain industries migrate towards more or less mature states, and 
more or less fragmented or consolidated value chains; 
•	 The entrepreneurial activity level in the region; and
•	 Regional and local investment activities of economic agents. 
The optimum level is directly related to economic complexity; in a region (or 
country) with high economic complexity the optimum would be very close to the 
right-hand side in the figure below, whereas in a region with a medium level of 
economic complexity the optimum would be to the right of but very close to the 
medium-tech results shown below. 
In Australia, the optimum is likely to be to the left of the medium tech point in 
Figure 3. This is an unsustainable situation given the increasing competition 
from countries where their economic complexity is overtaking Australia. This will 
erode Australia’s ability to create and appropriate value within the country. It is 
critical to create policies aimed at increasing Australia’s economic complexity, and 
advanced manufacturing should be a key focus area.
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Manufacturing industries interact more strongly than any other with other indus-
tries as providers and users of intermediary inputs in the form of services and 
products.31,32,33,34,35 In other words, the services sector’s role as provider of inter-
mediate input to other industries is more limited than the manufacturing sector’s, 
so a country’s capacity to develop its services sector depends on the structure 
of its manufacturing sector, something frequently missed in the debate around 
becoming a service economy.36 
Competition works to fragment value chains (GVCs)
Today’s advanced goods are produced through complex interactions in frag-
mented value chains, with varying degrees of proximity between interdependent 
manufacturing and service activities performed by increasingly specialised organ-
isational entities – either firms or parts of firms. This process can be seen in the 
rise of outsourcing and offshoring, the growing trade in intermediate goods and 
the increasing ratio of global imports to global exports. 
Effectively managing this system requires continuous organisational restructuring 
and coordination at the architectural level of the GVC, which would not be pos-
sible without massive use of information and communications technologies (ICT) 
and the direct development of (or indirect access to) appropriate capabilities.37,38 
This is further complicated by the continuous commoditisation that occurs within 
any value chain39, as knowledge disseminates and barriers to entry are eliminated. 
In these situations, competition becomes primarily cost-driven, and manufactur-
ers relocate to an activity-specific low-cost environment. 
Figure 3 
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In high-cost environments, the best response is to develop new knowledge faster 
than it can be disseminated, in domains where barriers to entry and competitive 
advantage are more easily maintained – that is, in activities that rely heavily on 
intellectual capital.40,41,42 This leads to a general shift to knowledge-based services 
and vertical specialisation, allowing firms to take advantage of cost savings or 
productivity enhancements gained from externally supplied components (out-
sourcing) or from abroad (offshoring). However, there is evidence that many 
companies have overestimated the advantages of outsourcing and offshoring 
while underestimating problems such as inventory management, obsolescence, 
organisational traumas, reaching quality standards and maintaining in-house 
technological capabilities.43 
Offshoring – and hosting relocated operations – consolidates 
global value chains (GVCs)
While the above forces are at work fragmenting GVCs there are also forces 
consolidating them. Leading firms tend to prefer larger, more capable, globally 
operating, first-tier suppliers.44 This varies from industry to industry and within 
each industry, depending on the existing structure of production and trade. 
Another consolidating force is the trend towards servitisation – the trend towards 
offering services as well as manufactured goods. 
As yet, there is little available discussion 
on the dynamic, interlocking effects of 
offshoring for countries that are losing man-
ufacturing firms (or service providers) and 
those acquiring the same organisations.45 
The offshore relocation of these firms trig-
gers two transformational processes that 
affect the productive and technological 
structures of their home countries. 
In countries that relocate a large share of their manufacturing activities outside 
the country, the industrial commons tend to deteriorate, production-related ser-
vices are increasingly relocated and the level of technology development tends to 
stagnate. 
In countries that receive these relocated production firms, the manufacturing 
sector expands and co-location increases for other manufacturing firms – and 
for production-related service providers. Relocation and co-location may be trig-
gered by offshoring service providers as well as manufacturing firms. However, 
given the multiplying effects that characterise the expansion of manufacturing and 
the fact that certain services (in particular production-related services) must stay 
close to production, it seems that offshoring manufacturing activities is strategi-
cally more damaging than offshoring service providers. 
“ In countries that relocate a large share of their 
manufacturing activities outside the country, the 
industrial commons tend to deteriorate, production-
related services are increasingly relocated and the level 
of technology development tends to stagnate.”
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These cumulative processes of relocation and co-location are responsible for 
transforming countries’ productive and technological structures (that is, their 
specialised role in GVCs) and for driving the present and future prospects of 
innovation and specialisation within private companies. There is evidence that 
countries acquiring production and production-related services accumulate 
technological capabilities, and increasingly benefit from further relocation and co-
location of companies at all stages in the GVC. 
Co-location allows manufacturing and services to grow in 
tandem
It is also obvious that the increase in manufacturers’ service offerings leads to 
a shift in the demand for service-related occupations. Furthermore, countries 
with a highly functioning system of production-related service providers and firms 
anchored in GVCs also tend to benefit in the areas of net employment, net output, 
productivity growth and knowledge production. Examples include Sweden, 
Switzerland and Germany; Sweden, for example, has registered a simultaneous 
growth in its manufacturing and services industries. 
Sweden’s manufacturers have successfully repositioned themselves in the value 
chain46; in 2007, service-type jobs already made up 39 per cent of manufacturing 
employment in the country. In mature economies as a whole, the manufacturing 
share of total gross value added declined from 25 per cent in 1980 to 16 per 
cent in 2007. However, Sweden saw only a minimal decline from 21 to 20 per 
cent. Sweden’s net manufacturing exports increased from 0.5 to 4.8 per cent of 
GDP over this period. The number of highly skilled workers increased by 1.7 per 
cent a year from 2001 to 2007, even as employment in assembly occupations 
declined by 2.6 per cent a year. Swedish companies invested, and continue to 
invest, double the average of the EU 15 in vocational training time. The imported 
content of manufacturing exports increased from 33 per cent in the mid-1990s 
to 39 per cent in the mid-2000s. The important telecom sector had an import 
content of more than 45 per cent by the early 2000s. Overall, Swedish manu-
facturing employment still declined by 85,000 positions from 1993 to 2007, but 
there was a compensating 120,000 increase in employment in manufacturing-
related business services. 
Product and process innovations are strongly intertwined in advanced manufac-
turing industries. Regular interaction between local manufacturing firms and other 
manufacturers and production-related service providers generates strong indus-
trial commons and delivers a competitive advantage for all involved – as does 
the presence of demanding and competent customers.47 No more sophisticated 
products will be produced than there are competent customers to demand them.
Outsourcing, especially offshoring, tends to delink manufacturing and services, 
hindering their ability to conduct research and experiment with new products and 
technologies. The deterioration of industrial commons caused by outsourcing can 
limit an economy’s ability to introduce new products, as the suppliers, skills and 
services required to set up a new enterprise are no longer available locally. As 
Professors Pisano and Shih explain48:
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“ In reality, there are relatively few high-tech industries where the manufacturing 
process is not a factor in developing new – especially radically new – products. That’s 
because in most of these industries product and process innovation are intertwined. 
So the decline of manufacturing in a region sets off a chain reaction. Once manu-
facturing is outsourced, process-engineering expertise can’t be maintained, since 
it depends on daily interactions with manufacturing. Without process-engineering 
capabilities, companies find it increasingly difficult to conduct advanced research 
on next-generation process technologies. Without the ability to develop such new 
processes, they find they can no longer develop new products. In the long term, 
then, an economy that lacks an infrastructure for advanced process engineering 
and manufacturing will lose its ability to innovate.” 
Those countries where manufacturing and services activities co-locate accord-
ing to different patterns of complementarity develop strong industrial commons 
and benefit from the innovation opportunities that arise when manufacturing and 
services meet.49 
Offshoring reduces incentives to innovate, leading to an erosion of technological 
competitiveness.50,51 The adverse consequences of losing technology dynamics52 
and competitiveness in global industrial systems following the loss of production 
capacity53 is attracting increasing interest from policymakers in innovation driven 
economies and advanced countries.54 
Future development of the manufacturing sector
This chapter discusses three key drivers of the future manufacturing industry:
•	 The national policy settings needed to maintain production sites in countries 
that have high labour costs;
•	 Future developments in key technology areas that will affect production pro-
cesses and equipment, as well as the products themselves; and
•	 The shifting balance between the fragmenting and concentrating forces that act 
on firms and their supply chains, including both technology and policy settings.
Continuously changing consumer demand is a fourth key driver that underpins 
the operations of successful firms by allowing them to offer in-demand products 
and services at a market-acceptable price while remaining profitable. Although 
this is an important driver, it is not discussed in this chapter.
Maintaining prosperity despite high operating costs
Since Australia is a high-cost operating environment, we need to look at some of 
its manufacturing industry challenges. Manufacturing companies operating in a 
low-cost operating environment tend to focus on economies of scale and imita-
tion within simple, robust, value stream-oriented process chains. Manufacturing 
companies operating in a high-cost operating environment, on the other hand, 
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tend to focus on balancing economies of scale with economies of scope, while 
also balancing imitation and innovation in an environment of sophisticated and 
capital-intensive planning tools and production systems.55,56,57
High-cost operating economies can address the challenge of low unit costs by 
standardising business processes, technical systems, and manufacturing pro-
cesses and systems – in turn benefiting from economies of scale. This frequently 
means having interconnected, highly automated production equipment. The price 
paid for this approach is reduced production flexibility, which in turn reduces 
firms’ ability to adapt their production systems when conditions change.58 
Given that Australia doesn’t generally have the right boundary conditions to 
develop these economies of scale, this route is not feasible for most Australian 
manufacturing firms. Instead, Australia’s opportunities lie in low-volume (meaning 
the ability to be profitable at low volumes), high-value adding, high-variability, 
medium- to high-complexity manufacturing – that is, in realising economies of 
scope above economies of scale.59 This means having business processes, 
technical systems, and manufacturing processes and systems that allow high 
variability in what is produced. This approach requires additional investment as 
well as (presently) a higher proportion of manual work (such as at changeover 
times), resulting in higher unit costs than can be 
minimised by a production system designed for this 
environment.60 This requires a high level of planning, 
and can lead to an extensive use of models, simu-
lations, optimisation and, as a consequence, high 
personnel expenditure. From a lean perspective, this 
looks like the wrong approach since these kinds of 
planning activities do not immediately add value. 
The alternative is to focus on value-adding pro-
cesses while standardising work processes, which 
minimises the effort required for planning, work preparation, handling, transport, 
storage and so on.61 The challenge is that the latter is easier to imitate than the 
former and hence cannot normally form the basis for a competitive advantage.
Succeeding in a high-cost operating environment means managing the different 
requirements that arise from balancing economies of scope with economies of 
scale. This includes managing various distribution channels, organisational struc-
tures and technologies – in short, simultaneously maintaining different business 
models.62,63,64 The higher the operating costs the more this balance will focus on 
achieving economies of scope and, paradoxically, the less complex the balancing 
task will become.
Increased technology use leads to manufacturers replacing manual labour with 
capital equipment, which increases output and decreases labour costs. Since 
any given level of intensity in technology use will result in the same level of labour 
reduction, the cost reduction effect is higher in a high-cost operating environment 
than in a low-cost operating environment, and the optimal level of technology 
intensity is lower in a low-cost operating environment than in a high-cost one, as 
outlined in Figure 4.65 
“ Australia’s opportunities lie in low-volume, 
(meaning the ability to be profitable at low 
volumes) high-value adding, high-variability, 
medium- to high-complexity manufacturing – 
that is, in realising economies of scope above 
economies of scale.”
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In Figure 4, we see that developing production systems – and our understanding 
of their implementation – will have dramatic effects on the manufacturing industry. 
We will see significant impacts as a result of developing key enabling technolo-
gies in the areas of67: 
•	 Additive manufacturing, specifically metal-producing systems; 
•	 Industrial biotechnology, with a specific focus on microbial consortia engineer-
ing and synthetic biology;
•	 The ‘Internet of Things’ (IoT) – an IoT can be conceptually defined as a dynamic 
global network infrastructure with self-configuring capabilities based on stan-
dard and interoperable communication protocols where physical and virtual 
‘things’ have identities, physical attributes, and virtual personalities, use intel-
ligent interfaces, and are seamlessly integrated into the information network68; 
and
•	 Photonics, advanced materials, nanotechnology, nano- and micro-electronics, 
big data analytics and advanced manufacturing equipment, especially industrial 
robotics. 
Figure 4 
optiMAl level of technology use bAsed on resource And unit lAbour cost 
Source: Brecher et al. 2012, p. 2566 
PRICE PER PIECE
INTENSITY OF TECHNOLOGY USAGE 
The graph shows resource costs (including material, energy and cost of capital) and unit labour cost, 
which add up to the unit cost.  
Total costs low-wage country
Total cost high-wage country
Unit labour costs low-wage country
Unit labour costs high-wage country
Optimum low-wage country
Optimum high-wage country
Resource expenditures
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These developments will enable production systems targeted at high–operating 
cost environments, in particular: 
•	 Individualised production, which involves designing and laying out all elements 
of a production system to permit a high degree of variability in the produc-
tion program while maintaining production costs comparable to that of mass 
production; 
•	 Virtual production systems that reduce the time and resources used for non-
productive planning activities prior to value creation;
•	 Hybrid production systems, which build on a combination of production 
technologies, combining various physical principles or integrating separate pro-
duction processes into a single, new production process; and
•	 Self-optimising production systems, which possess an inherent intelligence and 
can adapt autonomously to changing conditions to increase process flexibility.69 
High-cost operating countries must enable their locally operating companies to 
retain economically significant parts of the GVC in their country.70 This facilitates 
high-quality products and processes, while securing specific knowledge about 
products and processes – that is, protecting intellectual property.71 This is consis-
tent with a policy objective of increasing national economic complexity.
Such a policy must focus on the industry’s ability to develop leading-edge pro-
duction systems – with capabilities as complete and comprehensive as possible 
– as offerings in their own right, as well as the ability to deploy these systems. If 
both these objectives are pursued, high-cost operating economies like Australia 
can maintain high-functioning manufacturing industries while also supporting a 
successful export industry. These 
industries could develop and sell 
a complete range of production 
systems – from simple to high-
tech offerings – including all the 
key technologies involved, such 
as production equipment and 
processes.
In addition, the policy setting must 
provide boundary conditions that 
encourage development while 
also supporting firms that choose 
to move in this direction. This 
generally means emphasising 
demand-side policy tools rather 
than those on the supply side72 – for example, supporting boundary-pushing, 
complex projects (frequently in the defence or advanced technology sectors) that 
use domestic firms, products and services to generate developments, thereby 
boosting market competition.73,74,75,76,77,78,79,80 
“ …policy must focus on the industry’s ability to develop leading-
edge production systems – with capabilities as complete and 
comprehensive as possible – as offerings in their own right, as well 
as the ability to deploy these systems. If both these objectives are 
pursued, high-cost operating economies like Australia can maintain 
high-functioning manufacturing industries while also supporting a 
successful export industry. These industries could develop and sell 
a complete range of production systems – from simple to high-tech 
offerings – including all the key technologies involved, such as 
production equipment and processes.”
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Conclusions around the future of manufacturing
The pressures and opportunities provided by technological development, change 
in consumer preferences and as a consequence customer behaviour, and a 
changing policy environment will reshape the manufacturing industry even faster 
than they have done up until now. This reshaping will occur in the five key dimen-
sions outlined below.81 
Capital intensity
Capital intensity will develop differently in different parts of each business. It will 
continue to increase at the front end around research, development and innova-
tion (RD&I), and also in the digital aspects of all manufacturing activities, such 
as planning and simulation systems. Competence development and training will 
increase, given that firms will need to keep pace with the opportunities afforded 
by science and technology. Consequently, average spending on developing com-
petencies will have to increase at the same pace as knowledge growth in the 
domains underpinning each firm, even while it is reduced by efficiency gains in 
training methods (such as massive open online courses [MOOCS] and cognitive 
science), and either reduced or increased by the salary difference between exiting 
staff and potentially more competent new staff.
When it comes to production and the associated value and supply chain 
systems, it is likely that the capital intensity will initially continue to increase due 
to more expensive materials, more expensive production equipment, higher-
complexity products, more expensive production systems, more complex global 
supply chains and so on. Capital intensity will then taper off as new production 
technologies, a higher share of operations in the digital space and new materials 
allow for less complex global supply chains and production systems. Eventually, 
all pre-production activities will take place in the digital space, resulting in a digital 
product that could then be sold as a data file to the customer, who decides 
when to convert it to a physical product using additive manufacturing for physical 
realisation and robotics for assembly. There will also be an opportunity for manu-
facturing firms to offer post-production activities (increasingly in the digital space, 
as outlined in Figure 5) using the product as a carrier, collector and transmitter of 
information – and even as receiver and user of information, such as in the case of 
directed self-repair.
Plant and equipment 
Plant and equipment will develop in five key areas – in parallel and with different 
dynamics over time. These areas involve:
•	 Movement into the digital space, which will initially be driven by developments 
in simulation tools, techniques and the Internet of Things, as well as big data 
analytics, linking production equipment and materials, and linking the product 
with its user environment and the producer;
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•	 The development of increasingly digital production systems that can handle 
interlinked digital and physical spaces;
•	 Increasingly sophisticated production equipment, systems and processes, 
combined with developments in additive manufacturing and robotics;
•	 Developments in advanced materials, which will require customisation and new 
production equipment but will enable new functionalities; and
•	 The increasing need to reduce manufacturing’s resource footprint in terms of 
energy and raw materials, which will drive the move towards advanced, digital-
based manufacturing systems, and the deployment of advances in different 
technology domains such as industrial biotechnology, nanotechnology and 
photonics.
The conclusion is that investment in new production equipment will increase – in 
terms of cost and frequency – over the short and medium term, while decreasing 
in the long term due to the subsequent increase in digital manufacturing activities. 
Manufacturers will still need to invest in sophisticated software (although some 
of this will be available on a pay-per-use business model from the cloud) and 
hardware. At the same time, the physical production process will move to the 
customer’s domain with the increasing sophistication of additive manufacturing 
and robotics. 
The more materially homogenous the product and the simpler it is to assemble, 
the faster this transition will take place. On the other hand, for multi-material 
systems that require complex assembly, the impact will be slower and may only 
affect parts of the value and supply chains.
Figure 5 
increAsed digitisAtion in MAnufActuring Activities
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Relationships and relationship systems 
The manufacturing ecosystem will change as the digital domain takes pre-
cedence over the physical. This means that the importance of services as an 
input into manufacturing will increase – mirrored by the increased importance of 
manufacturing firms offering services – while the manufacturing value chain itself 
will become more complex (continuing the present fragmentation trend) and 
then simpler. To succeed amidst such change, manufacturing firms will need to 
develop and maintain new relationships, using relationship development skills 
and mechanisms, as well as an understanding of network economics.82 These 
changes will also reduce the technical reliance on geographic proximity, while 
economic drivers are likely to strengthen as the front and back ends of the manu-
facturing value chain become more important relative to the physical production 
stages.
On the industry level, this will increase the concentration of manufacturers within 
precincts and clusters, with economic drivers determining where these hubs are 
located.
Organisational resources 
Strong branding will become increasingly important as a complement to the 
growth in customised offerings, as will real-time access to information that can 
underpin fast decisions. Here, big data and associated analytics will play an 
important role alongside the Internet of Things. Developing production systems 
and the associated processes will become critical, and manufacturers will need 
to be able to anticipate necessary changes in the production structure if they are 
to survive in this rapidly changing world. Furthermore, all of this will need to be 
supported by simultaneous and parallel business models that can change and 
develop more frequently and rapidly than ever before.
Competencies and work hours 
As mentioned above, the half-life of technology-related competencies will 
become shorter, with a corresponding increase in the need for continuous profes-
sional development. The responsibility for this development will rest equally on 
the employee and employer, and organisational career paths will emerge when 
individuals change responsibilities to follow a product, service or system along its 
lifecycle. This path will be grounded in one generation or lifecycle of technology 
rather than in one responsibility that tries to keep pace with the ever-increasing 
development underpinning several sequential product generations, which for 
most individuals is an impossible undertaking.
There will also be a change in work-hour requirements: a reduction in absolute 
volume terms, and an increase in the relative distribution across activities outside 
production. That increase will be seen at the front end of the manufacturing lifecy-
cle (RD&I, and the development of software tools and production processes) and 
at the back end of the manufacturing lifecycle, through increased service offerings 
to support physical outputs. This overall reduction will of course be driven by an 
increase in labour-saving advanced manufacturing systems and the migration to 
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increasingly digital workflows. 
On the industry level, this means that the number of jobs in the economy created 
by one job in manufacturing will decrease from around 2.5 presently to about 
0.7, which is more typical of the service industry. This is on top of the dramatic 
productivity improvements that new technological development and new indus-
try structure will drive. Productivity growth will far outstrip growth in demand, 
which will in turn see a rapid decrease in production-related and production-
driven employment in the manufacturing industry. What remains of the industry 
will also have a much lower multiplier effect, which will have severe implications 
for employment levels and the tax base, with associated social and economic 
challenges. 
The countries likely to be least affected by this transformation are those with a 
high level of economic complexity and which:
•	 Produce much of the advanced manufacturing tools and systems used in the 
new industry, and also provide many of the services required to support them;
•	 Develop the necessary ‘smart’ materials that make up new, manufacturing pro-
cesses (such as nanoparticles for additive manufacturing or microbial consortia 
engineering for cellular factories;
•	 Provide pre-production services like RD&I (from training to contract research) as 
well as post-production services; and
•	 Deploy advanced manufacturing tools and systems used to create highly 
complex equipment requiring sophisticated assembly methods, few of which 
will be produced using additive manufacturing in the foreseeable future. 
The policy objective must be to end up as a country that can benefit as a conse-
quence of this development rather than losing out. 
The manufacturing policy framework
Over the last few years, leading nations have undergone a clear change in manu-
facturing policy. For example, policy agendas in the US and the UK both reflect 
the need to reverse de-industrialisation. 
The US is focusing on three traditional policy clusters – competitiveness condi-
tions, export promotion and manufacturing RD&I – while the UK is focused on 
rebalancing the economy by supporting long-term growth in key industrial 
sectors.83 Leading manufacturing nations like Germany and Japan emphasise the 
need to participate in the markets and industries that are expected to drive future 
growth. In Japan, the government has sought to actively promote the reorganisa-
tion of the domestic industrial structure, particularly to address the inward-looking 
orientation of small and medium sized enterprises (SMEs). In Germany, where 
SMEs have traditionally been able to participate in global markets, the emphasis 
has been on increasing RD&I expenditure and coordinating policy efforts around 
future markets, driven by socioeconomic challenges.84 
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In Australia there is the additional need to manage the long-term wealth-gener-
ating potential of natural resources. Table 1 compares Australia’s performance 
in the six steps necessary to achieving this, compared to two other developed, 
resource-dependent economies.
Domestic manufacturing is mostly linked to the local content development and 
economic development columns in Table 1. On the local content development 
side, there are several lessons to be extracted from Norway’s journey. Norway 
has become a successful producer of oil-field services and equipment; it is home 
to global companies that are part of significant domestic clusters of suppliers to 
oil and gas operators, employing 114,000 people domestically, with sales in 2010 
of US$52 billion.86 
It is important for local content policy to be aimed at high-value added, high-
complexity manufacturing opportunities (marked in bold blue in Table 2) and 
high-variability, low-volume opportunities (marked in bold green).
On the economic development side, countries go through three phases, as sum-
marised in Table 3.
Table 1 
countries perforMing well Across the six AreAs of the resources vAlue chAin85 
Develop resources Capture value
Transform value into long-term 
development
Institutions and 
governance
Infrastructure Fiscal policy and 
competitiveness
Local content 
development
Spending the 
windfall
Economic 
development
highest performer norway canada canada canada norway norway
Second performer canada norway norway norway Australia Australia
third performer Australia Australia Australia Australia canada canada
Table 2 
Mining And oil And gAs expenditure87 
Cost categories Metals and mining Oil and gas
Basic materials 8–17% 13–23%
low- to medium-complexity equipment and parts 7–14% 5–10%
High-complexity equipment and parts 4–10% 12–20%
Integrated plant equipment solutions 5–12% 15–25%
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As can be seen in Table 3, manufacturing sectors in resource-driven countries 
face challenges that reduce their global competitiveness, such as currency appre-
ciation, talent scarcity and increased global competition for local opportunities. 
It is critical that governments enable improved productivity in the manufacturing 
industry. In energy- and resource-intensive manufacturing sectors, this includes 
addressing infrastructure bottlenecks to minimise transportation costs and 
ensuring sufficient access to cost-efficient energy. In high-value adding, high-
complexity, low-volume, high-variability manufacturing (Australia’s sweet spot), 
it means creating opportunities and enabling access. This is achieved through 
an interventionist approach that can taper off over time (as seen in Norway) and 
through applying demand-side policy tools.
The policy framework that emerges out of this modern approach to manufactur-
ing in the big countries – combined with the policy approach in other successful 
manufacturing countries like Sweden, Switzerland, Austria, Korea and Singapore 
– can be expressed in a matrix as shown in Table 4. The column headers are 
extracted from the lens of intellectual capital as a driver of competitive advantage, 
and the row headers relate to the lens of economic scale and agglomeration. 
Examples of policies for the individual cells can be found in Manufacturing 
Works89.
The task for governments will be to enter the appropriate policy measures in 
each cell in Table 4, in a way that drives increased economic complexity in the 
manufacturing industry, by supporting a systemically integrated, high-value added 
system of firms. In Australia, this should be aimed at the Australian manufacturing 
sweet spot: low-volume, high-variability, medium- to high-complexity, high–value 
added manufacturing.
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This chapter examines global value chains (GVC), how 
Australia lags behind other advanced economies in its 
participation in GVCs and the growing importance of 
the role of services in manufacturing GVCs.
2.  Advanced manufacturing 
global value chains and policy 
implications 
 Jane Drake-Brockman 
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Patterns of global production and trade have witnessed remarkable transforma-
tions in recent decades. Two of the biggest phenomena are the rise of global 
value chains (GVCs) and the rise of services. 
It can be helpful background, in considering international trends in advanced 
manufacturing, and Australia’s potential to compete, to look through the lens of 
the emerging 21st century paradigm of GVCs and the simultaneous ‘servicifica-
tion’1 of the global economy. Before considering these two phenomena in turn, 
we first need a quick explanation of how they happen to be connected.
Just as transportation and logistics services enabled international trade in finished 
goods for the consumer market, information technology and telecommunications 
services now provide the interlinkages, the orchestration and the ‘glue’ which 
has enabled the manufacturing process to fragment across borders into value 
chains of intermediate ‘tasks’. Services inputs such as financial and professional 
services, marketing and distribution, are, moreover, embodied in all goods, and 
indeed provide on average around 25 per cent of the total value added of an 
exported good2. Typically the more elaborately transformed the manufactured 
good, the higher the value added and the greater the embodied services content. 
Advanced manufacturing, which is especially services intensive (often well over 
70 per cent of value added), is fundamentally dependent on services inputs such 
as research and development (R&D), engineering and design. It follows that in 
modern economies, manufacturing cannot function without the intermediate and 
enabling services inputs – whether local or foreign – that connect up and bring 
together all the individual aspects of cross-border production.
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Global value chains
International trade can no longer be understood in terms of export or import of 
finished goods or services produced by one firm, at one location, in one country 
and thereafter delivered to an unrelated party in another country. Production of 
goods and increasingly of services now involves a combination of busines-to-
business intermediate inputs including services activities, sourced globally, to 
make up a finished output for the final consumer market. This fragmentation of 
production into goods and services tasks has seen the emergence of a system of 
global supply or global value chains, referred to by the World Economic Forum as 
“the world economy’s backbone and central nervous system”.3
The process giving rise to GVCs is not new, but it has evolved through a number 
of complex phases4. Following the trend in the 1960s towards vertically inte-
grated firms and industries, the 1970s witnessed a wave of global dispersion of 
industrial activity through investment in offshoring by multinational corporations. 
The 1980s saw the first evidence of both geographic and organisational frag-
mentation (deverticalisation or unbundling) of the firm by way of both outsourcing 
and offshoring into cross-border protection networks. The 1990s saw yet another 
evolution, with the rise of China and big new global suppliers. The 2000s brought 
the widespread application of digital technology, the beginning of services off-
shoring, global knowledge and innovation networks and the rise of India. 
It is now well understood that any business function can become a core compe-
tence, or be outsourced (to another separate provider, for which the outsourced 
task becomes the core competence). Most can also be offshored, that is out-
sourced to an offshore location, leading to new competitive opportunities for 
both country and firm-level specialisation. Within this global context, supply chain 
activity has been most pronounced in geographically integrated regions, such as 
the European Union and East Asia. Remarkably, trade in intermediate goods is 
now twice as large as trade in consumption goods.5
Over a period of 20 years or so, firms everywhere, but especially in Asia-Pacific, 
have participated increasingly actively in the resulting regional production net-
works, enjoying increasing levels of inward direct investment as they did so. The 
benefits have been somewhat uneven; typically, small or remote manufacturers 
have had trouble capturing overseas goods markets generally due to difficulties 
achieving the necessary scale and volume.
Some commentators suggest that we are now in the midst, in a fast globalis-
ing world economy in which services play a much bigger role, of another major 
wave of GVC activity described as a second unbundling.6 This is borne out by the 
long term trend in foreign direct investment flows towards services,7 with the likely 
impact on small and medium sized enterprises (SMEs) potentially more positive, 
as scale tends to matter less in services markets than nimbleness and project by 
project flexibility.
With intermediates now accounting for more than half of merchandise imports by 
OECD economies and close to three-quarters of merchandise imports for large 
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developing economies, such as China and Brazil8, there has been a shift in the 
public policy interests and activities of companies. Both multinationals and SMEs 
have become interested not only in lowering trade barriers abroad in order to 
access export markets – but also in benefiting from lower barriers for imported 
intermediate inputs. Lower barriers for imports have become nearly as important 
as access to export markets in firms’ quests to remain competitive. Development 
of know-how and intellectual property has also become more important.
Researchers, such as Gary Gereffi at Duke University have mapped a number 
of specific industry value chains, and shown where individual countries’ firms 
are located on these maps.9 The length of the chain, for any industry, is not 
static, especially as the second unbundling unfolds, but in general the chains 
are longer in the manufacturing sector than in agriculture, mining or services.10 
Microeconomic work of this nature is helpful in identifying chokepoints in cross-
border production, but very little such work has yet been conducted for Australia. 
Work of this nature requires use of firm level data and input/output tables, rather 
than traditional balance of payments statistics.
In 2011, the World Trade Organization (WTO) and the Institute of Developing 
Economies-Japan External Trade Organization (IDE-JETRO) pioneered the way 
with a ground-breaking study on trade in tasks which showed how the emer-
gence of GVCs radically challenges the concepts behind traditional measurement 
of trade flows.11 The study highlighted the fact that as trade in intermediates 
becomes more important, traditional trade statistics become less meaningful, as 
they fail to reflect value added (i.e. the value of exports minus imported inputs). 
Understanding current patterns of production and trade, and the economic sig-
nificance of Australia’s own participation or lack of participation in GVCs, requires 
analysis using the new WTO/OECD Trade in Value-Added (TiVA) data released 
in 201212. While the data is still very limited, this paper is a first attempt at such 
research. However, first we need to understand the second major phenomenon, 
the rise of services.
Servicification 
It is a more recent phenomenon, but globalisation is bringing about a similar 
transformation in services as took place in manufacturing. Traditionally, services 
providers were constrained by their inability to capture, store and possess the 
value of the intangible. There were few opportunities to create step-by-step path-
ways to market as services tend to be delivered and consumed simultaneously. 
However, telecommunications reforms and the application of digital technology 
to a widening range of business services are now driving a rapid emergence 
of supply chains in services. The innovative business process transformation 
involved is affecting SMEs as well as creating globally integrated services firms.13 
There is now a constant quest in the services sector to segment out any business 
function in which knowledge can be commoditised and packaged as a product, 
ownership can be established, production can be scaled up and trade can take 
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place separately from production. Services intermediates (generally described as 
knowledge-intensive business services) are now the fastest growing component 
of world trade and services have now been shown to be approaching half of 
world trade in value added.
As Stanley Chih of ACER computers demonstrated in his famous Smiley Face14, 
for many advanced manufactures, the highest value added is now contributed by 
services inputs, often at the R&D and design phase, or at the logistics/distribution 
phase. More than 50 per cent of the iPod’s value, for example, has nothing to 
do with merchandise components and everything to do with the services activi-
ties involved in conception, design, retail and distribution. The iPhone is an even 
stronger example where merchandise components represent less than one third 
of the total value of the final product.15 
Figure 1 
the iMportAnce of trAde in services
Source: Wto Secretariat
Figure 2 
the ‘sMiley fAce’: role of services in high vAlue Added MAnufActuring
Source: Business Week international (2005)
Structure of world exports in gross terms, 2008 Structure of world exports in value added terms, 2008
Services
23%
Manufacturing
65%
Primary 
products
12% 
Services
45%
Manufacturing
37%
Primary 
products
18% 
ADDED VALUE
PRODUCTION CHAIN
Standardisation
Innovation
R&D
Design
Manufacture Assembly
Logistics
Marketing
Brand
Brand
Marketing
Logistics
Assembly
Manufacture
Design
R&D
Innovation
Standardisation
R&D/innovation centre
High value added 
product and service 
centre Global logistics centre
Value Creation
Higher 
added-value 
and lower 
replacement
A d v A n c e d  M A n u f A c t u r i n g   B e y o n d  t h e  p r o d u c t i o n  l i n e
62
Australia’s role in manufacturing GVCs
The new OECD/WTO TiVA database covers, in its initial stages, 58 countries and 
18 aggregated groups of industries (both goods and services) over the years 
1995 to 2009. For any country, the percentage of domestic value added (DVA) 
in gross exports can be understood as a general reflection of the level of inte-
gration into GVCs: the lower the share of domestic content, the more integrated 
the country is. High percentages can be expected of course in large economies 
which can source inputs domestically. High percentages can also be expected in 
geographically isolated economies, in countries with high levels of trade barriers, 
in economies with exports dominated by upstream activities with little local value 
added such as mining and perhaps in economies with strong services export per-
formance (export of pure services, as distinct from services embodied in goods). 
Figure 3 compares Australia with a range of other economies.16
Perhaps unsurprisingly, given the geographic remoteness and the dominance of 
mining exports, the share of domestic content in Australian exports is over 87 per 
cent, well above the OECD average of 76 per cent, the Association of Southeast 
Asian Nations (ASEAN 8) average of 70 per cent and 67 per cent for China. This 
share has seen no more than a trivial drop over the last 15 years. The reality is 
that Australian industry has had persistent difficulty accessing and participating in 
global and regional value chains.
Figure 3 
doMestic vAlue Added As A percentAge of gross exports, selected 
countries 
Source: Authors calculations oecd/Wto tiVA data base
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Figure 4 plots the foreign value added (FVA) share in gross exports by sector. For 
Australia the average foreign content is a mere 12.5 per cent, compared with a 
world average of 28 per cent and an average for developed economies of 31 
per cent. Again this reflects very low engagement in GVC activity, again barely 
increasing since 1995.
Agriculture, mining and services exports drag this overall figure down, with 
average foreign content around eight per cent. Financial services have an 
especially low imported foreign content of less than 2.5 per cent. In the high 
value-added services sectors, these low figures can be good news, signalling a 
high degree of local competitiveness. But for the manufacturing sector, the rela-
tively low figures run counter to global trends and signal potential red alerts. 
The global experience suggests we should see a rise in foreign content since 
1995. In Australia’s case, the increase over 15 years has been marginal except in 
a couple of key sectors. Machinery has the highest foreign content at 24 per cent, 
up significantly from 19 per cent in 1995, followed closely by basic and fabricated 
metals at 23 per cent, accelerating up from 14 per cent in 1995. This makes 
sense, given that these industries are among those with the relatively longest 
production chains. Drops in foreign content have been experienced, however, in 
textiles and textile products, wood and paper and chemicals. 
To understand and asses these sectoral developments, we need to look also at 
Figures 5A and 7. In general, if foreign content is dropping and global integration 
is therefore seemingly declining, we want to see a compensating rise in services 
Figure 4 
foreign vAlue Added As A percentAge of gross exports by sector, 
AustrAliA 
Source: Author’s calculations oecd/Wto tiVA database
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Figure 5a 
sector shAres of exported doMestic vAlue Added, AustrAliA
Source: Author’s calculations oecd/Wto tiVA data base *nec – not elsewhere classified
value added in that sector or a rise in the sector’s share of exported DVA, indicat-
ing a movement to higher value added tasks or the attraction onshore of final 
assembly. In the case of textiles, wood and paper and also chemicals, while 
exports are not major contributors to gross domestic product (GDP), Figure 7 
does show that the services content has indeed been increasing over the last 
15 years and that most of this services content is domestic. These are healthy 
trends. 
Figure 5A also shows of course that mining and quarrying contributes 40 per cent 
of Australia’s exported DVA – and that this share has increased dramatically from 
23 per cent in 1995. Metals contribute another 13 per cent, but this is a significant 
drop from 17 per cent in 1995. So while the foreign content in metals exports has 
increased, the local industry’s overall contribution to export growth has declined. 
In other words, while the industry has become more integrated in global markets, 
it has also become less important to the economy – i.e. the economy itself is 
still not very geared toward GVC participation. The next most significant sector 
is the aggregation of transport and storage and post and telecommunications, 
which has also declined in importance but nevertheless still contributes 11 per 
cent of exported DVA. Agriculture has dropped in importance, as has food and 
beverages.
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Figure 5b 
sector shAres of exported doMestic vAlue Added, oecd
Source: Author’s calculations oecd/Wto tiVA data base
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For purposes of comparison, Figure 5B presents the OECD average, showing 
clearly that Australia is relatively under-integrated with the global economy, not 
only in the manufacturing sector, but also in the services sector, where competi-
tive domestic content overwhelmingly prevails.
The TiVA data also identifies the services content of gross exports, measuring a 
composition of both pure services exports as well as services embodied in goods 
exports, and reflecting the general level of sophistication of a country’s exports. In 
Australia’s case, the services content of exports has actually declined marginally 
over the last 15 years to just under 40 per cent as shown in Figure 6. This is 10 
percentage points below the OECD average. Australia’s share is possibly artifi-
cially low, affected by the increased overall dominance of the mining sector. To 
decide how problematic the situation is, we need to drill down and examine the 
trend in services content embodied in exports of the other sectors. 
Figure 7 confirms that embodied services content has actually increased since 
1995 in most exported sectors other than mining, the exceptions being base 
and fabricated metals and electrical and optical equipment. For most sectors, 
then, we can infer an increase in the sophistication of production techniques 
(which have higher services intensity) or an increase in supporting services roles. 
However, for metals and electrical and optical equipment, the data raises another 
potential red alert. Importantly, moreover, the percentage of imported foreign ser-
vices content is noticeably higher in the metals and electrical and optical sectors 
than is the case for other industries. So while these industries are more integrated 
into GVCs, as shown in Figure 4, it seems largely because of a higher level of 
A d v A n c e d  M A n u f A c t u r i n g   B e y o n d  t h e  p r o d u c t i o n  l i n e
66
imported high value added services content. This is worrying, if the objective is 
both to increase Australia’s access to GVCs and at a higher level of value added.
It is also possible, from the TiVA data, to compute revealed comparative 
advantage (RCA). The services sector data being relatively limited, the OECD 
recommends this only for the goods sectors at this stage. Both the balance 
of payments and the TiVA data show, in Figure 8, that in the goods sectors, 
Australia has comparative advantage only in basic and fabricated metals and in 
food products and beverages (RCA exceeding a measure of one on the vertical 
axis in Figure 6). Importantly, taking into account the imported foreign content, 
Australia’s comparative advantage in metals is revealed to be lower than the 
balance of payments would suggest. This is an alert for both the metals industry – 
and the local services sector. More research needs to be undertaken to flesh out 
these initial insights.
The next step in the research process should be to map the metals industry value 
chains. Drawing up value chain maps which cover not only the core business but 
also all the complementary industries that add value upstream or downstream 
from the core competencies can be helpful to guiding both policy and business 
settings. Such mapping can help identify the critical inputs to competitiveness 
and possible choke-points in any distinct domestic services sub-sector. Value 
chain mapping should be an essential step in developing any advanced manufac-
turing industry roadmap for Australia.
A final insight from the new TiVA data. The OECD computes an overall GVC 
Participation Index based on the percentage of a country’s total exports which 
Figure 6 
services content As A percentAge of gross exports, by country
Source: Author’s calculations oecd/Wto tiVA data base
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Figure 7 
services content As A percentAge of gross exports, AustrAliA
Source: Author’s calculations oecd/Wto tiVA data base
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Source: Author’s calculations oecd/Wto tiVA data base 
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are engaged in GVC activity. The index is broken down into ‘backward partici-
pation’ i.e. imported inputs and ‘forward participation’ i.e. the exports that are 
destined as inputs into other countries’ exports. In Australia’s case, the index is 
relatively low, at just over 40 per cent, with two-thirds of exports of intermediates 
destined for further processing offshore. Korea, for the purposes of comparison, 
has a GVC participation rate of over 60 per cent, with roughly two-thirds of the 
activity being backward participation.
What does this all mean regarding the future prospects for Australian participation 
in advanced manufacturing chains? Clearly it means that Australia has a very long 
way yet to go – which raises the question of how to get there. 
Policy implications
There are several policy implications in this shift from traditional trade in finished 
products to trade in goods and services intermediates story. 
In a world of GVCs, firms have increased opportunities to enter into international 
markets for intermediate activities by adding relatively small amounts of value 
added. GVCs therefore open up plentiful opportunities for new businesses, 
including for SMEs. Rather than having to be proficient in all aspects of produc-
tion, firms can aim to capture a specialised task along the chain. This changes 
the way that policymakers can view competitive advantage as it can be much 
more fragmented internationally, than it was in the days of producing goods and 
services entirely at home. This also implies, in a nutshell, that a nation can rarely 
achieve export growth effectively, in any goods 
sector other than perhaps mining, if it doesn’t 
also import. It should also go without saying 
that services have become so important as 
intermediates in every sector, that efficiency 
in the local services sector has become 
paramount. 
The servicification of manufacturing means 
industry policymakers need to pay greater 
attention to the factors that drive services 
competitiveness; development of human 
resources, research and innovation, provision 
of infrastructure, especially digital infrastructure as well as logistics and transport, 
regulatory efficiency to ensure an enabling environment for business, openness to 
trade, investment and cross-border people movement, adoption of global stan-
dards and quality assurance systems and the pursuit of mutual recognition for 
inter connectivity. Few of these factors are given or exogenous – most can be 
influenced by policy and regulatory settings – and will moreover impact positively 
on whole of economy productivity. 
“ Final assembly need not be the objective. 
Specialising in high value services tasks is the 
more appropriate way to go. The traditional tyranny 
of smallness, remoteness and distance from 
market is much less relevant to services tasks, 
including because transport costs for services are 
generally lower than for goods.”
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What policy recommendations might follow in a quest to enhance Australia’s 
readiness for engagement in advanced manufacturing GVCs? 
At the simplest level, a strategy for Australian industry engagement in advanced 
manufacturing requires a focus on developing capacity in the intermediate ser-
vices inputs. Final assembly need not be the objective. Specialising in high value 
services tasks is the more appropriate way to 
go. The traditional tyranny of smallness, remote-
ness and distance from market is much less 
relevant to services tasks17, including because 
transport costs for services are generally lower 
than for goods. Successful capture and financ-
ing of a task within an advanced manufacturing 
GVC may also require the attraction of foreign 
direct investment. Sustained innovation will be 
another essential key to attracting and retaining global business. This will require 
an innovation policy more closely geared to the needs of services innovation and 
focussed on facilitating collaborative links between services firms and the R&D 
community.
Promoting Australia as a location for advanced business tasks will require a 
dedicated focus on all of these elements. The export promotion mission will need 
to shift more radically from sales of finished products to international consumer 
markets, to sales of problem solving skill sets to international business clients 
looking to outsource intermediates. 
This will impact also on Australia’s trade negotiating priorities. Some global com-
mentators18 describe the last 15 years of bilateral trade negotiation as essentially 
driven by business interests in facilitating integrated networks for GVC activity, 
given the WTO has lagged behind in negotiation of rules relevant to GVCs, for 
example with respect to investment and competition policy. From an Australian 
perspective, given the narrow range of comparative advantage in the goods 
arena and its consequent meagre participation in manufacturing GVCs, the trade 
policy focus needs to shift firmly to services. Australia is rightly playing a leader-
ship role in the plurilateral negotiations for a Trade in Services Agreement. These 
negotiations present a long overdue opportunity to highlight Australian capacity 
and competitiveness in a very wide range of knowledge-intensive activities.
As pointed out by Michael Enright in a recent address on competitiveness to the 
regional business community19, countries in the Asian region have excelled at 
building global and more specifically regional supply chains for delivery of goods 
to western markets. As the data presented here confirms, Australia can hardly 
be described as having been a significant player in this manufacturing game. The 
task ahead for the region as a whole is to build global and especially regional 
value chains of both goods and services, but this time geared more, as Enright 
says, for the high growth emerging Asian markets. Australia’s objective should 
be to ensure that this time around, Australia is a major player, bringing services 
expertise and infrastructure to bear, attracting investment financing and capturing 
business-to-business markets for high value added services tasks.
“ From an Australian perspective, given the narrow 
range of comparative advantage in the goods 
arena and its consequent meagre participation in 
manufacturing GVCs, the trade policy focus needs 
to shift firmly to services.”
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This chapter highlights the need for a more advanced 
approach to manufacturing in Australia. Centred on 
value creation, this approach will require further skills 
development, enhanced collaboration and changes to 
the perception of Australian manufacturing.
3.  Advanced manufacturing:  
A smarter approach for 
Australia 
 Innes Willox 
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The need for a fresh manufacturing approach 
Manufacturers are having a tough time in most developed countries. In Australia, 
a variety of international and domestic factors are contributing to a prolonged 
period of especially difficult trading conditions for local manufacturers. These 
have been widely explored and include global challenges such as the disruption 
to trade markets wrought by China and other emerging economies and the eco-
nomic downturn following the Global Financial Crisis, as well as more specifically 
Australian challenges – the high Australian dollar, unit labour costs and the sharp 
rise in energy prices. 
Since its all-time peak in mid-2008, prior to the GFC, Australian manufacturing 
production has been heavily impacted by these challenges. Total output volumes, 
employment and aggregate corporate profits dropped by around 10 per cent, 
14 per cent and 40 per cent respectively, over the five years to 2013.1,2,3 After 
a partial recovery in 2009–10, the national Australian Bureau of Statistics (ABS) 
data and the Australian Industry Group’s Australian PMI®4 have shown a steady 
contraction in manufacturing activity since mid-2010, relieved only sporadically 
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by temporary spikes in local orders (most recently for example, following the 
Federal Election in September 2013). A major cost squeeze and a consequent 
drop in aggregate profits and profitability across manufacturing have been appar-
ent throughout these past five years, as the sector has experienced significant 
cost increases that are hard to pass on in a flat but ultra-competitive market. 
Combined with difficulties in raising capital for new investments, this has inhibited 
many businesses’ ability to invest in new technologies or to generate sufficient 
productivity growth to remain competitive. 
It is against this challenging backdrop that many people – in business, policy 
and other areas – are thinking about the direction that manufacturing might take 
in Australia. A focus on advanced manufacturing is often seen as the pathway 
to improving the security and prosperity of Australian industry. As discussed in 
this paper, Ai Group also believes that advanced manufacturing will generate 
many opportunities for Australia, although if we are to capture a share of these 
opportunities, the public and private sectors need not just to lift their game, but to 
change the game that they play. The human element will be critical to achieving 
this, including the skills and knowledge of individuals, the ways we combine and 
use our intellectual capital and the way we perceive the manufacturing industry. 
To better explain this position we feel it is important to first define exactly what 
we mean by advanced manufacturing. For many people advanced manufactur-
ing brings to mind thoughts of high-tech sectors and innovative technologies 
and is contrasted with old or traditional fields of manufacturing. However, a 
much deeper transformation is underway 
across a broad swathe of manufacturing 
sectors. This is changing how products 
are designed, produced, distributed and 
marketed in global supply chains; it is 
leading to new business structures; and it 
is altering business acquisition and use of 
information, knowledge and resources. Ai 
Group argues that the idea of advanced 
manufacturing is about much more than 
particular high-tech industries and their products. Rather the distinguishing 
feature of advanced manufacturing is more about the approach to creating value 
around any manufactured product.
Defining advanced manufacturing as an approach does not restrict opportunities 
to specific sectors – any manufacturer in any sector can become an advanced 
manufacturer. It isn’t limited to particular technologies, and it isn’t even limited 
to production. Further, it recognises that advanced manufacturing is not some 
sort of line in the sand, at least not a static one, but a smarter approach to 
manufacturing that constantly needs to be reviewed and revised. It embraces 
the inevitability that manufacturing as we know it will change almost beyond rec-
ognition in the future. Ongoing change has been and will remain a certainty for 
manufacturers. As such, the precise definition of advanced manufacturing is hard 
to pin down, but it can be helpfully illustrated by the examples in Table 1.
“ Defining advanced manufacturing as an approach 
does not restrict opportunities to specific sectors – any 
manufacturer in any sector can become an advanced 
manufacturer. It isn’t limited to particular technologies, and 
it isn’t even limited to production.”
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Table 1 
chArActeristics of trAditionAl And AdvAnced MAnufActuring
Traditional manufacturing Advanced manufacturing
Focused on the production of 
goods
Value creation is extended, so manufacturing is no longer just about 
production – services and manufacturing are inextricably linked, so that 
production is now the core of a much wider set of activities – the ‘virtual’ 
part of the total business – geared towards creating a tailored experience 
for individual consumers 
•  In 2011, only 28 per cent of Australian manufacturers with more than 
100 employees derived value from services related to their products, 
compared with the united States and Finland, where the figure was 
closer to 55 per cent of manufacturers. 
•  Newcastle-based Banlaw decided some years ago that it needed to move 
away from just being a manufacturer of fuel management systems to a 
company that helps unify its clients’ fuel supply with products, systems 
and ongoing support. Service provision now accounts for about 30 per 
cent of Banlaw’s revenue and has enabled the company to diversify its 
offering and revenue from existing clients, as well as providing a ‘way 
in’ for new clients.
Much of the workforce is 
employed in low skilled, blue 
collar or production roles. 
technical competencies are much 
more common than commercial 
competencies 
high skilled operations that harness a wider skill base, including both 
technical and commercial competencies, and employ fewer people on the 
factory floor
•  ResMed designs, manufactures and distributes devices to assist 
those with sleep-related respiratory disorders. the company’s highly 
qualified employees, including medical and engineering researchers, 
clinicians and technicians, have been awarded numerous scientific 
and research accolades. the company’s founder was named the uS 
2005 entrepreneur of the year in health Sciences, the 2001 Australian 
entrepreneur of the year, and is chair of the executive council of the 
harvard Medical School division of Sleep Medicine (2010). 
Firms compete on the basis 
of their own strengths. 
competitiveness is based on 
stocks of knowledge, mostly 
developed and retained in house. 
Strategies focus on the company: 
cost control, ‘total quality’ 
and continuous productivity 
improvement
A solely internal focus is no longer sufficient to be competitive. 
competitiveness is based on the ability to identify and harness globalised 
knowledge flows – the production, diffusion and use of knowledge. individual 
firms cannot access all the information required to be competitive, so the 
depth and quality of a company’s networks and interactions is critical to 
its competitiveness. 
•  Knowledge production has shifted from individuals to groups, and 
includes interactions between organisations across sectors, fields and 
borders. 
•  Businesses are connected to ‘global webs of activity’ and value chains 
compete against each other to deliver value to customers.
•  Landis+Gyr is a global leader in total metering solutions for electricity 
and gas. the company’s Sydney research and development (r&d) centre 
is viewed as an important innovation hub. Staff at the Sydney office have 
seized opportunities in Asia by identifying and partnering with best-in-
class companies across the industry value chain and investing in r&d 
capabilities to provide customised products for local customers in the 
region. More recently, the company has partnered with utility companies 
in china and india to install smart metering solutions that will enable 
businesses and consumers to manage energy better. 
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Traditional manufacturing Advanced manufacturing
Mass manufacturing of commod-
ity goods – “Any colour, so long 
as it’s black” approach – with 
manufacturing functions typically 
bound to localities and conducted 
in large capital and labour 
intensive factories
Firms rapidly and economically adapt physical and intellectual capital to 
exploit changes in technology, markets and customer demand.
•  A strong customer orientation, including mass customisation or short 
runs.
•  The changing workplace – greater flexibility in how and where people 
are employed.
•  Global firms operating across national boundaries and in close proximity 
to cheap manufacturing inputs, and large sources of demand and 
innovation. 
•  Centor is a multi-award winning designer and manufacturer of 
architectural hardware systems and an example of a truly Australian 
global company. headquartered in Brisbane, they also have production 
facilities in Birmingham (uK), chicago (uSA) and nanjing (china), and 
distribution centres and branches across Australia and the rest of the 
world. As such, the company has a comprehensive distribution supply 
system, which automatically re-supplies centor’s 6000 items worldwide, 
while managing three languages; staff in over 10 time zones; complying 
with 42 statutory authorities; and a lead-time of up to 211 days.
energy intensive with large waste 
streams
Manufacturing processes and products are more sustainable, including a 
move towards low-emissions, zero waste and zero carbon manufacturing.
•  Manufacturing practices include built-in reuse; remanufacturing and 
recycling for products reaching the ends of their useful lives; turning 
waste streams into sources of value creation; and additive, rather than 
subtractive manufacturing techniques.
•  By applying innovative and cost effective ‘whole of life’ approaches to 
everything it does, nSW company Ontera Modular Carpets has nearly 
halved the amount of energy and water used in the manufacture of its 
carpet tiles; reduced waste to landfill by over 25 per cent; and increased 
the recycled content of its carpets by over 50 per cent. in addition to 
being designed for longevity, ontera’s carpets are purposely designed for 
disassembly, so that individual components can be efficiently separated 
for reuse and recycling. the company’s earthplus® reuse program takes 
product back at the end of its useful life, and has diverted 175,000m2 
of carpet tile from landfill, thereby retaining the energy embodied in it.
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A focus on advanced approaches to manufacturing is a good fit for Australian 
manufacturers on a number of levels:
•	 Most advanced manufacturing production methods are more nimble and flexible 
and allow for better, faster customisation for individual clients. These character-
istics can give Australian manufacturers a distinct edge over mass-production 
in local and global markets, neutralising labour cost disadvantages and turning 
small scale into an advantage instead of a liability. Given the relatively high pro-
portion of Australian manufacturing businesses in the small category relative to 
our global peers (46 per cent of Australian manufacturing businesses employ 
less than 20 people and 43 per cent employee no staff6), this is particularly 
important. 
•	 Advanced manufacturing is suited to the production of higher-value goods 
(including those requiring rapid turn-around times and/or customisation), so the 
high-cost base of many Australian manufacturers is not as much of a barrier as 
it is for mass production.
•	 The increasingly globalised nature of advanced manufacturing design and pro-
duction reduces the disadvantage for Australian manufacturers of being located 
a long way from major markets or from major global innovation hubs. 
•	 Australians tend to be early and enthusiastic adopters of enabling technologies, 
particularly with regard to communications such as the Internet, mobile devices 
and multi-platform services. This helps to globalise the workforce and to create 
a culture of openness to new technologies.
•	 Australia is well-placed to capitalise on global knowledge flows, with a large 
share of well-established immigrants in its workforce, as well as a sizeable dias-
pora of its own citizens around the world. 
•	 Australia’s strong research capabilities; ready access to a skilled workforce; and 
advanced education and training system, including a number of world class 
universities7,8, provide an existing comparative advantage in advanced manu-
facturing. However, as later sections of this chapter highlight, there is scope for 
improvement on this front, and our talents in this area could be better leveraged 
and orientated towards lifting commercial outcomes. 
Estimates of the potential gain to be made 
by enhancing the adoption of advanced 
approaches to manufacturing in Australia are 
fraught. The skills and knowledge of Australia’s 
workforce and the perception of Australian 
manufacturing will be critical to realising any 
gain, and are discussed in greater detail in this 
paper. How much we stand to gain depends on 
how far you think Australian manufacturing has 
come and how much further you think it can go. If we truly want to be advanced 
we shouldn’t be placing any upper bound on the latter. Ultimately, it will come 
down to the extent to which the adoption of smarter or more advanced manufac-
turing practices is able to boost the demand for Australian manufactured goods 
and associated services. 
“ How much we stand to gain depends on how far 
you think Australian manufacturing has come and 
how much further you think it can go. If we truly 
want to be advanced we shouldn’t be placing any 
upper bound on the latter.”
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In this respect, it is worth making a special mention of Asia. New demand is 
being generated out of Asia at a rapid pace and, as a result, Asia represents an 
extremely lucrative opportunity for Australia. As incomes in Asia have grown, an 
increasingly wealthy middle class has emerged, and Asia is soon expected to be 
home to the majority of the world’s middle class (Figure 1). This has resulted in 
a shift in the balance of consumer markets towards Asia, which is expected to 
soon become the world’s largest consumer of goods and services.9 By 2025, 
Asia is likely to account for about half of the world’s economic output, and four 
of the 10 largest economies in the world will be in the region – China (first), India 
(third), Japan (fourth) and Indonesia (tenth).10 
Although Asia represents a sizeable opportunity, a lot is riding on Australia’s ability 
to capture this opportunity. Australia’s proximity to Asian demand and innovation 
will be crucial and, as a result, the rate and extent to which we develop capa-
bilities and connections in Asia. Australia has a strong foundation to work from, 
and has steadily deepened its financial, political and cultural ties with Asia,11 
but these foundations need to be reinforced. Australia needs to better capture 
Asian consumer insights and develop capabilities to innovate and commercialise 
these insights. In addition, Australia needs to establish linkages with innovative 
Asian companies and institutions, as Asia is developing new knowledge at a 
rapid rate and is fast emerging as a world centre of innovation and technological 
development.12,13 
Figure 1 
globAl shAre of the world’s Middle clAss, by region.
Source: Kharag, h. & Gertz, G. (2010), “the new Global Middle class: A cross-over from West to east” in c. li (ed), china’s emerging Middle 
class: Beyond economic transformation, 2 Washington dc, Brookings. 
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The importance of people to the advanced 
manufacturing approach
Sound policies that effectively and efficiently promote investment and productiv-
ity growth are essential to supporting the growth of advanced manufacturing in 
Australia. Innovation, technology, taxation settings, regulatory reform, infrastruc-
ture investment, procurement and energy policies all play their part in creating 
an environment that supports industry through the necessary transformation. 
However, ultimately it is people that create the competitive edge. People create 
new, disruptive processes, technologies and other innovations that drive trans-
formative change; people identify and invest in innovation and technology; and 
people determine how effectively labour and capital are utilised. 
In assessing the potential for Australian manufacturers to transform themselves 
into advanced manufacturers, it is useful to consider the concept of economic 
complexity and its implications for business skills and processes. Countries (or 
industries) with high economic complexity have both a high diversity of embed-
ded knowledge and a sophisticated array of capabilities – the ability to do many 
things well – and the ability to combine and use their intellectual capital to create 
more sophisticated, unique and valuable products, processes and services. In 
advanced manufacturing, businesses will 
increasingly require a sophisticated mix of 
capabilities and skills in order to implement and 
manage this kind of complexity. Higher skill 
levels and genuine interaction across a range 
of disciplines and specialisations (within and 
between businesses) will become a necessary 
pre-condition to achieving global growth and 
maintaining a competitive advantage. 
Data indicates plenty of scope for improvement in Australia’s economic complex-
ity. By measuring the diversity and ubiquity of manufactured goods made in 128 
countries, Hidalgo and Hausmann et al. (2011)14 developed a proxy for comparing 
the economic complexity of manufacturing in different countries. A broader range 
of less commoditised goods equates to higher complexity in their analysis. Using 
their index, Australia’s economic complexity ranked 79th in 2008, well behind 
other advanced manufacturing nations, including Japan, Germany and the US in 
first, second and 13th rank, respectively. Australia also ranked behind nations with 
rapidly developing manufacturing industries, including Singapore, China, Thailand 
and Malaysia at seventh, 29th, 31st and 34th rank, respectively. Furthermore, a 
longer term decline in Australia’s economic complexity accelerated between 1998 
and 2008 as the range of manufactured goods being produced locally reduced. 
Moving to an advanced manufacturing model is likely to require an increase in 
local economic complexity, probably focussing on a smaller range of distinctive 
manufactured goods. This in turn, will require changes in the skills and knowledge 
of individuals within the manufacturing sector and the ways in which their skills 
are combined. 
“ Higher skill levels and genuine interaction across 
a range of disciplines and specialisations (within 
and between businesses) will become a necessary 
pre-condition to achieving global growth and 
maintaining a competitive advantage.”
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Skills and knowledge in Australian manufacturing
The skills and knowledge of those working in manufacturing are important to 
the creation and commercialisation of new innovations.15 Technical skills or 
skills in science, technology, engineering and mathematics – so-called STEM 
skills – are critical to innovation and Australia’s ability to operate higher up the 
value chain. Technological developments are transforming the workforce, giving 
rise to new occupations and changing the nature of existing ones, and this is 
increasing demand for STEM skills. Furthermore, the extension of the value chain 
and enhanced customer focus is changing manufacturing from a step-by-step 
process to one of concurrency where design, manufac-
turing and market development occur simultaneously. 
As such, employees must be able to interpret and use 
information from outside their immediate discipline and 
increasingly need non-technical skills including leader-
ship, management and entrepreneurial skills and the 
ability to be adaptable, network, communicate and 
negotiate. 
Hands on skills remain hugely important to the sector, 
but will increasingly be in the form of skilled trade roles 
rather than low skill professions, which are progressively becoming the domain 
of other sectors of the economy. This transition to a higher skills base is height-
ening both the need and opportunity to boost foundation skills, including basic 
numeracy and literacy, to create pathways to higher skill employment. In fact, the 
opportunity for potential productivity improvement by boosting foundation skills 
is probably greater in the manufacturing sector than any other sector. However, 
for Australian manufacturing to become advanced, policies are also needed at 
the other end of the scale – to promote excellence in STEM skills, as well as 
leadership, management and other non-technical skills. Policies to both boost 
foundational skills and promote skills excellence would ensure a seamless tran-
sition towards the higher skill levels required for Australian manufacturing to be 
globally competitive.
There is much to do to achieve this goal. Australian manufacturing employ-
ees perform poorly on technical, non-technical and foundation skills relative to 
employees in other Australian sectors. On average, manufacturing employees 
are more likely than employees in other sectors of Australia to have no tertiary 
qualifications and are less likely to have higher level tertiary qualifications (Table 
2). Levels of numeracy, literacy and problem solving skills in a technology rich 
environment (PSTRE) in manufacturing are also lower than in most other sectors, 
according to a recent Programme for the International Assessment of Adult 
Competencies (PIAAC) study16 (Figure 2). When compared to other occupations, 
technicians and trade workers, machinery operators and labourers had the lowest 
levels of numeracy, literacy and PSTRE skills.17 In addition, at the other end of the 
skills scale, 22 per cent of manufacturing employers report that graduates with 
higher level qualifications in STEM subjects have a lack of workplace experience 
and difficulties applying their skills.18 
“ Hands on skills remain hugely important 
to the sector, but will increasingly be 
in the form of skilled trade roles rather 
than low skill professions, which are 
progressively becoming the domain of 
other sectors of the economy.”
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Figure 2 
coMpArison of literAcy, nuMerAcy And probleM solving skills in A 
technology-rich environMent in different sectors in AustrAliA, 2011–12.
Source: Australian Bureau of Statistics. catalogue number 4228.0, programme for the international Assessment of Adult competencies, 
Australia, 2013.
Manufacturing All industries average
percentage of the workforce without post-school 
qualifications
45 39
percentage of the workforce with higher level 
qualifications, including:
• Diplomas and advanced diplomas; and 8 10.5
• Degrees or higher 14.5 27
Source: Australian Government (2013), Manufacturing Workforce issues paper, october 2013, Australian Workforce and productivity 
Agency, p26.
Table 2 
coMpArison of the quAlificAtions of eMployees in different sectors in 
AustrAliA
Per cent
0 10 20 30 40 50 60 70 80
Construction
Administrative and support services
Manufacturing
Transport, postal and warehousing
Agriculture, forestry and fishing
Accommodation and food services
Other services
Retail trade
Wholesale trade
Healthcare and social assistance
Mining
Rental hiring and real estate services
Electricity, gas, water and waste services
Financial and insurance services
Arts and recreation services
Information media and telecommunications
Public administration and safety
Education and training
Professional, scientific and technical services
Literacy 
(Level 3 or higher)
Numeracy 
(Level 3 or higher) 
PSTRE 
(Level 2/3)
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How Australia’s workforce compares internationally
At face value, the skills and knowledge of Australia’s workforce appear to compare 
favourably to those of other countries (Table 3). Compared to the Organisation for 
Economic Co-operation and Development (OECD) average, Australia has more 
skilled professionals and research and development personnel in the workplace 
and more tertiary educated people in the working-age population, including 
more PhD graduates. Moreover, Australia’s Programme for International Student 
Assessment (PISA) scores – which test the mathematical, reading and scientific 
literacy of 15-year-old students from 64 different countries at a time when they are 
nearing the end of the compulsory years of schooling – indicate that Australian 
students, on average, perform better than students in other OECD countries. This 
knowledge will be important to boosting advanced manufacturing in Australia. 
However, as Table 3 reveals, there is still a considerable gap between Australia’s 
performance in these indicators and the top performers in the OECD. Outside of 
the OECD, Australia is also outperformed by a number of Asian countries and 
regions, including Shanghai, Singapore, Hong Kong, Taiwan and Macau, when 
PISA scores for reading, mathematics and science are considered.19 In fact, 
students in Shanghai performed so well in mathematics that the OECD report 
compares their scoring to the equivalent of nearly three years of schooling above 
most OECD countries. 
Australia’s  
score
OECD  
average score
OECD top 5  
average score
r&d personnel as a per cent of total employment1 1.26 1.16 1.84
Share of professionals and technicians in total employment ( per cent)2 36.1 31.8 42.4
total researchers in industry as a per cent of the national total3 29.92 59.49 74.42
total expenditure on educational institutions as a percentage of Gdp (per cent)3 6.13 6.26 7.68
phd graduation rate (per cent)3 1.89 1.59 2.74
percentage of 25–34 year olds with a bachelor degree or higher3 35 29.5 40.2
proportion of population aged 25-64 attaining tertiary education (per cent)3 38.3 31.5 45.4
– aged 25–34 44.6 38.6 54.7
proportion of population aged 25-64 attaining upper secondary or  
post-secondary non-tertiary education (per cent)3
35.7 44.0 67.2
proportion of population aged 25-64 attaining below upper secondary school 
education (per cent)3
25.9 25.2 9.8
program for international Student Assessment (piSA) mean scores on reading4 512 496 529
program for international Student Assessment (piSA) mean scores on 
mathematics4
504 494 533
program for international Student Assessment (piSA) mean scores on science4 521 501 539
Sources: [1] oecd, Main Science and technology indicators database, 2013/1. [2] oecd (various), Science, technology and industry Scoreboard. [3] oecd (various), 
education at a Glance. [4] oecd, piSA 2012 results.
*data for 2010–11 or the latest available year 
Table 3  
coMpArison of AustrAliA’s perforMAnce AgAinst A nuMber of huMAn resource indicAtors with 
the perforMAnce of other oecd countries*
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A time series analysis of Australia’s performance in PISA tests indicates that, 
although still above the OECD average, Australian students’ performance in 
mathematics and reading has deteriorated over the last decade, while our 
performance in science has been relatively stagnant. Only 12 other countries 
experienced deterioration in their mathematics performance between 2003–
2012, while only five countries experienced deterioration in their reading literacy 
between 2000–2012.20 The deterioration in Australia’s reading and mathemat-
ics performance means that students today are about half a year behind where 
they were a decade ago.21 And while Australia’s declining achievement has been 
fuelled by both a fall in the number of students achieving at higher levels and a 
rise in the number of students achieving at lower levels, our PISA scores remain 
among the most diverse in the world. In Australia, approximately two-and-a-
half years of schooling separate the mathematics, reading and science scores 
of students in the highest socioeconomic group and students in the lowest 
socioeconomic group.22 OECD statistics for 2010–11 indicate that just over one 
quarter of the working age population has not obtained a basic (below upper 
secondary school) secondary school education.23 
Given the strong relationship between educational attainment and literacy, numer-
acy and PSTRE proficiency in the workforce,24 the deterioration and inequity in 
the performance of Australia’s students is particularly concerning. As our expen-
diture on educational institutions as a percentage of GDP is also slightly below 
the OECD average,25 it could be expected that this trend may continue and will 
impact our ability to compete with other advanced manufacturing nations in world 
markets. 
Figure 3 
AverAge MAnAgeMent perforMAnce in MAnufActuring
Source: Bloom, n.; Genakos, c.; Sadun, r. & Van reenen, J. (2012), Management practices Across Firms and countries, nBer Working 
papers 17850, national Bureau of economic research, inc.
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In addition, the leadership and management skills of employees in the Australian 
manufacturing industry, while significant, fall short of the leading advanced econ-
omies (Figure 3), and have been identified by Manufacturing Skills Australia as a 
priority area for skills development:
“ Manufacturing needs strong leadership to help realise and capitalise on oppor-
tunities…Leaders must be able to effectively manage change and transition their 
organisations into high performing workplaces…Small and medium sized enter-
prises (SMEs) need to be specifically targeted for leadership and management 
development.” 26 
Internationally Australia has among the lowest education levels in manufacturing 
and is ranked 13 out of 15 participant countries for the proportion of managers 
with university qualifications.27 
Attracting talent to the manufacturing industry
To a large extent, the skills and knowledge of Australia’s manufacturing workforce 
will be determined by the availability of skilled labour and the ability of the sector 
to compete for this labour. Skills and knowledge can also be developed through 
on-the-job training, or study while working; however, this type of up-skilling is 
both more likely to happen and more likely to be successful if people have a solid 
base of foundational skills to start with.
The previous section highlighted that, although still strong relative to other coun-
tries, the availability of skilled labour in the Australian workforce could become 
a limiting factor if we do not turn around our declining performance in reading, 
mathematics and science literacy. These skills provide critical pathways to the 
development of further technical and commercial competencies that will be 
essential for advanced manufacturing. This could be particularly problematic for 
the manufacturing sector because evidence suggests that the sector is a weak 
competitor for skilled employees. 
Manufacturing firms were five per cent more likely than firms in the services sector 
to report informatiom technology (IT) skills shortages, and eight per cent more 
likely than firms in the construction sector.28 Businesses in the manufacturing 
industry, including innovation-active and – inactive businesses29, were also more 
likely than businesses in any other sector to report lack of skills as a barrier to 
innovation.30 Moreover, the ageing profile of the manufacturing workforce – with 
19 per cent of the workforce aged over 55 years and just 13 per cent aged under 
25 years, compared to figures of 17 per cent and 16 per cent, respectively, for 
the whole workforce31 – suggests that the sector may be struggling a little more 
than other sectors to attract younger workers. The inability of the manufacturing 
sector to attract skilled professionals may, in part, explain the lower qualification 
level of people in the manufacturing workforce. The following findings point to a 
continuing trend for tightness in the labour market for STEM skills, including:
•	 Reports of a decline in the number of Australian secondary school students 
electing to study mathematics or science subjects.32,33,34,35
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•	 Findings that, despite high university enrolments in science subjects, a high pro-
portion of students studying enabling sciences such as chemistry, mathematics 
and physics, discontinue their study after the first year.36 
•	 Research indicating that by 2020 the demand for people with higher degree 
research (HDR) qualifications is projected to outstrip supply, despite the pro-
jected annual rate of growth in the number of people devoted to R&D (3.2 per 
cent) far outstripping growth in total employment (1.5 per cent).37 
•	 PISA 2012 results which indicate that approximately one-third of Australian girls 
and one-fifth of Australian boys did not think that mathematics was important 
for later study.38 
•	 Sharp reductions in the automotive sector, which has traditionally incubated 
skilled workers for the broader manufacturing sector.
It is clear that a multi-pronged approach is needed to boost the skills level of 
the Australian workforce in general and the manufacturing workforce more 
specifically, including initiatives to up-skill the existing workforce, attract skilled 
professionals to the sector and ensure the retention of existing skilled profession-
als. These initiatives need to consider the level of technical, non-technical and 
foundation skills. Ai Group’s submission to the manufacturing workforce issues 
paper (2013)39 provides a detailed account of the policy options we believe are 
important to enhance skills and knowledge in the manufacturing industry. There 
also needs to be greater recognition within industry of the importance of profes-
sional development and up-skilling, along with a work environment that rewards 
and stimulates skilled workers. As discussed in the remainder of this paper, Ai 
Group believes two additional factors will be important to the success of policies 
in this space, the relationship between the manufacturing industry and the educa-
tion and training system and the perception of manufacturing in Australia. 
Collaboration and innovation in Australian 
manufacturing
The production, diffusion and use of knowledge is critical to innovation. In today’s 
fast-paced and competitive environment it is becoming increasingly difficult for 
individual businesses to access the level of skills and knowledge required to 
be competitive. Accordingly, a business’s ability to collaborate and network is 
crucial. Collaboration helps a business access ideas, information and capabilities 
well beyond what it could obtain if operating independently. Through collabora-
tion a business can utilise tacit knowledge and ‘learning by doing’ to embed 
unique advantages that cannot be traded and are difficult to replicate. The 2012 
Australian Innovation Systems Report40 demonstrates the higher performance 
of firms that collaborate with other firms and public sector organisations when 
compared to firms that are less connected. Compared to businesses that don’t 
innovate, innovative Australian businesses are 78 per cent more likely to report 
increases in productivity over the previous year, and collaborative innovation 
with research organisations triples the likelihood of business productivity growth. 
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Collaborative innovation is significantly correlated with the introduction of new-to-
Australia or world-first innovations.41 
There is considerable scope to enhance the flow of knowledge and ideas in 
Australian manufacturing by deepening collaboration. In fact, a 2011 Government 
report found that networking and collaboration remain the most significant flaws in 
Australia’s innovation system.42 In 2010–11, 27 per cent of Australian R&D active 
firms collaborated on innovation43, which is low compared to the OECD average 
of 44 per cent.44 Of this, only six per cent of Australian firms were collaborating 
internationally on innovation, compared to the OECD average for international 
collaboration of 17 per cent. Particularly stark was the contrast between the 
level of collaboration on innovation between industry and public sector research 
organisations in Australia and other OECD countries. On average 24 per cent of 
all firms and 34 per cent of large firms in the OECD45 were engaged in this type of 
collaboration, compared to just 3.8 per cent of all firms and 3.5 per cent of large 
firms in Australia.46,47 This is despite the significant investment Australia makes in 
its public sector research organisations and attempts over many years to increase 
collaboration between industry and public sector researchers.48 
Looking more specifically at manufacturing in Australia, only 20 per cent of 
manufacturing businesses and 24 per cent of all businesses collaborated for 
the purpose of innovation in 2010–11.49 However, of those businesses that did 
collaborate, only 8.5 per cent of manufacturing businesses collaborated with a 
Figure 4 
collAborAtion within AustrAliA by type of orgAnisAtion collAborAted with, 
2010–11.
Source: Australian Bureau of Statistics (2012), cat. no. 8158.0, innovation in Australian Business, 2010-11.
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public research institution, compared to 13.5 per cent for all businesses (Figure 
4). These results are consistent with those in Ai Group’s Business Investment in 
New Technologies report (2012),50 which found that only six per cent of manufac-
turing businesses collaborated with government or research institutions in order 
to develop new technologies. This is particularly concerning when you consider 
that only 30 per cent of Australia’s research personnel work in industry, approxi-
mately half the OECD average (see Table 3). 
The low level of collaboration between business and public sector research 
organisations in Australia has undoubtedly impeded the realisation and ultimate 
success of commercial outcomes from research in Australia. Collaboration 
between industry and education and training providers, such as universities, is 
also important to ensure that Australia’s education system is producing gradu-
ates with the skills and competencies required by industry. Reasons for this lack 
of collaboration are numerous and may 
relate to the incompatible objectives of 
these organisations, with universities 
being more interested in the creation 
and publication of new knowledge and 
developing their reputation as academic 
organisations, while businesses are more 
interested in the commercial implica-
tions of research, or the creation of new 
innovations.51 In addition, discussions 
with businesses reveal difficulties in 
finding research partners, inflexibilities in 
negotiations over intellectual property and a lack of understanding within public 
research organisations of business cultures and practices and the importance of 
meeting commercial timeframes. 
Australian manufacturers also need to embrace collaboration among themselves 
and their overseas counterparts to boost innovation and lift competitiveness. The 
priority for focus here is collaboration beyond the supply chain, as business to 
business collaboration at this level is limited when compared to collaboration 
between businesses within the same supply chain or sector.52 Data shows that 
Australia still relies heavily on the US and Europe as a source of ideas, investment, 
innovation and technology and this relationship should continue to be strong, but 
Australia also needs to build on existing linkages and collaboration to embrace 
new opportunities in Asian markets.53 Unfortunately, investing in language, cul-
tural understanding and business experience in Asia seems more important to 
others than it does to Australian businesses.54 
In summary, there is a clear opportunity to increase innovation and the realisa-
tion of successful commercial outcomes through greater collaboration. Boosting 
advanced manufacturing in Australia will require greater action to ensure that 
Australia’s manufacturers are well connected to global knowledge flows. They will 
also need to effectively collaborate with a diverse mix of people, including public 
researchers and offshore organisations and businesses, to maximise the flow and 
exchange of resources and ideas.
“ Australian manufacturers also need to embrace 
collaboration among themselves and their overseas 
counterparts to boost innovation and lift competitiveness. 
The priority for focus here is collaboration beyond the 
supply chain, as business to business collaboration at this 
level is limited when compared to collaboration between 
businesses within the same supply chain or sector.”
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What needs to be done?
Advanced manufacturing, defined by innovation and agility, presents a tremen-
dous opportunity for Australian manufacturers, regardless of their size or sector. 
However, while this approach may help neutralise disadvantages and level the 
international playing field for Australian firms, there will remain many players on 
that field. Competition to capture a share of the opportunities associated with 
advanced manufacturing will be fierce. A business as usual process will not 
deliver prosperity in this new environment, and success will be delivered, not by 
a silver bullet, but by a concerted and sustained effort over time. Capturing the 
opportunities advanced manufacturing presents will require action on multiple 
fronts and the collaborative efforts of the public and private sectors if it is to be 
effective. 
Notwithstanding the importance of government’s role in creating an environment 
that encourages the widespread adoption of more advanced approaches to 
manufacturing, there is an enormous amount that industry can do to facilitate 
change. Ai Group strongly believes that any agenda to boost the performance of 
Australian manufacturing must be led and owned by industry. 
Defining advanced manufacturing as an approach leads to recognition that all 
industry sectors, technologies and products can potentially adopt and benefit 
from more advanced manufacturing practices. Governments can help by encour-
aging and supporting this broader transformation, rather than by concentrating 
efforts on a basket of notionally advanced activities. But it is industry, and indeed 
individual manufacturers, that can do the most to drive and direct these changes. 
There are numerous examples of 
world class Australian manufacturing 
businesses that are adapting and are 
well-placed to prosper in the future. 
The challenge is determining how these 
success stories can be replicated to 
accelerate innovation in and heighten 
the competitiveness of Australian manu-
facturing. As this chapter has outlined, 
the human element will be critical to this 
challenge. But how best to attract and 
retain talent in the sector? 
Ai Group believes the perception of manufacturing in Australia needs to change 
if Australia is to attract and retain the volume of high-level talent required and 
encourage the necessary collaboration with other sectors and countries. While 
there are good news stories about manufacturing in the media, they are over-
shadowed by stories of demise – closures, job losses, cutbacks, uncertainty 
and vulnerability – all painting a very bleak picture of manufacturing’s future in 
Australia. These perceptions matter to young students contemplating their future 
study and career pathway; to entrepreneurs, engineers and scientists looking for 
career development or investment opportunities; and to those already working 
“ Defining advanced manufacturing as an approach leads 
to recognition that all industry sectors, technologies 
and products can potentially adopt and benefit from 
more advanced manufacturing practices. Governments 
can help by encouraging and supporting this broader 
transformation, rather than by concentrating efforts on a 
basket of notionally advanced activities.”
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in the sector and contemplating their future. Nearly 65 per cent of the Australian 
public anticipate that manufacturing will further decline in the future; only 35 per 
cent view manufacturing jobs as stable and secure; and only 29 per cent would 
recommend manufacturing as a career for young people.55 Manufacturing was 
rated as the second least attractive sector in which to work, from a list of eight 
major employing industries.56 
The most important factor in improving perceptions is not necessarily more 
good news stories, but a change to the framework through which media, 
policymakers and the public interpret manufacturing news. The change is from 
a defensive, backward-looking vision – manufacturing as something to be pre-
served in the face of deep problems and a bleak future – to an active, challenging 
vision – manufacturing as a future opportunity, to be seized through reform and 
transformation. A broad-based conception of advanced manufacturing is an 
excellent fit for this task. 
This positive agenda should be increasingly emphasised by a variety of public 
and private initiatives to bolster advanced manufacturing in Australia. The sense 
of opportunity should also guide government; resources no longer deployed to 
shrinking subsectors could be gainfully employed in underpinning new industrial 
opportunity, whether through skilling; support for innovation; provision of industry 
infrastructure; or otherwise.
It is also important that the sector works more collectively to capture a share 
of the opportunities available to it. At the moment action is largely taken at the 
company level – each company trying individually to secure opportunities and 
tackle challenges that exist at a national level – or consists of disparate state 
or national-level initiatives, often with little engagement of SMEs and the risk of 
competing agendas. While inspiration can and should come from many quarters 
and influence at many levels, for big leaps to be made collective action will be 
required. Industry leadership will be critical to this challenge, and in particular 
adroit leadership by people who are open to change and have the skills to drive 
and manage it. These people need both a strong understanding of the sector 
and a strong customer or external focus, combining technical and commercial 
acumen to seek out, pursue and create opportunities and build on positive 
momentum generated by the sector. 
There is wealth to be found in a future of transformed manufacturing. If industry 
and the public sector can articulate this positive vision and back it up – especially 
through skills development and enhanced collaboration – Australia could be well 
placed to reap the rewards. 
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This chapter discusses the approach META is taking 
to support advanced manufacturing in Australia 
including through the identification of top performing 
manufacturers and research institutions.
4.  META – creating the engine 
for an advanced manufacturing 
industry in Australia
 Albert Goller
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1. Introduction
We work in one of the most diverse and challenging business environments pos-
sible but it’s also one of the most rewarding and resilient industries in Australia. 
Here at META1 we have the privilege of listening to CEOs from every type of 
manufacturing company across the country. In fact we’ve spoken to more than 
400 business leaders to get a realistic view of the current landscape. What we’ve 
seen is inspiring and uplifting. We are seeing advanced manufacturing at its finest.
There has been a lot of talk that our industry is being hit hard but once you 
scratch below the surface you can see it’s a time of evolution. Yes there’s been a 
pull-back in some areas as the resource boom resides and car manufacturers pull 
out of Australia, but companies who are adapting quickly and have solid strate-
gies in place, are succeeding.
Manufacturers have had to contend with a fast narrowing of the gap in labour 
and infrastructure costs. In addition, there are other issues to consider such as 
workforce protection and environmental impacts. The regulatory standards that 
manufacturing businesses need to adhere to in global supply chains have defi-
nitely increased. 
Albert goller is the former chairman and Managing director of 
Siemens in Australia and new Zealand from 2002 to 2012.
commencing his career as an electronics engineer with Siemens in 
Germany in 1973, Albert has held a number of senior executive 
positions throughout the world including president and chief 
executive officer of Siemens canada and head of the corporate 
office for e-business in Munich, Germany.
he has a Masters degree in information and telecommunications from paderborn university 
in Germany and has been nominated as one of Australia’s most influential engineers by 
engineers Australia magazine consecutively from 2004–2010.
Albert took up the position of chair of MetA last year. MetA – the Manufacturing excellence 
taskforce Australia – is a membership organisation of manufacturing companies and 
universities in Australia. 
Albert is a passionate advocate of manufacturing and is convinced a national approach to 
Australian manufacturing, through the establishment of MetA, can generate new thinking 
and action within the sector.
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Consumers can now access information in an instant and news travels at break-
neck speed around the globe. This access has prompted people to be more 
aware of how and where products are made and companies are being held 
responsible for the materials they use more than ever. In turn that means inves-
tors are looking into the sustainability and risk profile of global supply chains. 
More than one third of the service industry is created directly or indirectly by the 
manufacturing sector and countries enjoy a more resilient economy when the 
manufacturing industry is healthy. Developed countries like ours are looking for 
new ways to help their manufacturing industries thrive to help weather the storm 
of economic ups and downs. 
The traditional way of thinking for manufacturers is being challenged. There have 
been huge changes on the demand side as well as mass customisation and 
extreme global price competition. New technologies and new materials have also 
changed the landscape of many sectors such as mining and defence, but also 
sports, to name just a few.
Another very interesting observation is that the specifics of certain industries are 
becoming much smaller and the thinking, the processes, the challenges and the 
opportunities are becoming very similar. Human behaviour between private (busi-
ness to consumer) and business (business to business) transactions are getting 
closer.
There is no doubt our industry is changing again – and we need to work together 
and share ideas if we want to position Australia at the forefront.
At META we believe taking a bottom-up approach to these changes will help us 
implement practices that are already being successfully used by ‘hidden champi-
ons’ in the industry. These companies have created successful business models 
that many other CEOs and leadership teams across the industry can learn from. 
We are creating a hub where the manufacturing industry can exchange ideas and 
global best practices. 
We believe it’s vital that best practice standards are shared across the industry 
and that collaborative models are set up to help facilitate new partnerships and 
help companies better utilise the assets available to them. We also see this as a 
way to strengthen our export markets and improve our already strong reputation 
in the manufacturing space.
2. What is META?
META was created on 1 July 2013 as a public funded membership organisation 
of manufacturing companies and universities in Australia. It means the manufac-
turing industry and government now have a vehicle to facilitate and accelerate 
the necessary changes. We want to ensure the manufacturing sector is a viable 
major contributor to Australian wealth. 
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The idea behind META was simple. Allow the industry to articulate what it needs 
– and then let the industry implement it. This will ensure that everyone, particularly 
small and medium businesses, have the opportunity to become involved. Small 
and medium enterprises (SMEs) are the backbone of most economies and have 
an important voice within META. 
Universities are also involved to help open up partnerships and ensure that 
opportunities go back to Australian businesses via the flow of innovation. META 
works in a collaborative framework, across different industries and geographies. 
The Australian manufacturing industry should view the global changes in manu-
facturing as opportunities.
META is committed to rebuilding a solid, growing, future oriented agile industry 
that ensures ‘Australian made’ is a trusted, innovative and well known globally 
recognised brand. META will address challenges and opportunities from the bot-
tom-up, starting within the industry and we hope it will become a trusted partner 
and advisor to governments at both a federal and state level. 
3. Australia’s tipping point
Current debate over the state of the country’s manufacturing sector often focuses 
on issues such as wages, high-cost and the availability of government aid. These 
are important issues but Australia is a very expensive country even outside the 
production line. There is no doubt that we are a high-cost country.
The recent change in government could be seen as another trigger for the much-
needed ‘tipping point’. Not everyone will like the policies of the new government 
but to reset and reconsider what was done and what has not worked in the past 
makes sense in every situation. 
The government aid received by some manufacturing sectors in Australia was 
quite generous but in reality it did not lead to a significant turnaround. Money 
alone can’t replace the absence of a nationwide industry policy that enables pros-
perity and growth. The Federal Government has stated it is keen to reduce red 
tape and regulations to an extent that enables us to have a level playing field with 
other countries.
There are some natural disadvantages that are referred to repeatedly in debates 
over the industry. Australia has a diverse culture which results in high fragmenta-
tion of customer needs and expectations. There is a low population density which 
limits growth opportunities and we also have to overcome Australia’s long dis-
tances from many substantial markets. 
These factors have led to high costs and in some cases a loss of competitive-
ness and an old fashioned culture. That in turn has seen some companies forced 
to downsize and permanently scramble for direct support from the government. 
Unfortunately some of those companies have been highlighted in the media, par-
ticularly those at the forefront of downsizing, restructuring or closing.
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It’s important to remember it has not been all bleak. There are other companies 
with the same natural disadvantages that have created a growing and sustainable 
business. They have adapted from a low cost country business towards a high-
cost country business. These companies have done it quietly and proactively and 
these hidden champions are testament to the fact 
that manufacturing, as one of the largest employers 
in Australia, can still have a future. 
These companies are still affected by disadvantages 
when you compare them to their often global com-
petitors – but they don’t make it the focal point of 
their thoughts and actions. There has been a lot of 
negative news about the state of manufacturing in our 
country but this could be the trigger for our tipping 
point. Often an initial wakeup call is needed to provide a solid ground for positive 
change. One can feel a lot of sympathy with the individuals in the middle of such 
a storm but these individuals can be the base seed for a new and better future. 
4. The future of advanced manufacturing 
At META we see advanced manufacturing as business excellence across the 
entire value chain not just innovation. This is the future for our industry. Many 
companies are already doing this and they are our hidden champions.2 It is about 
taking full responsibility for not only what is manufactured but the process from 
beginning to end. It looks at how the product or material is produced, considering 
all regulations and communities impacted and how profits are then returned to 
the business or investors. 
Manufacturing is an art form, challenges and opportunities are translated into 
research and development. Each piece has to be carefully considered during 
each process from designing and engineering, to laying out the production line 
and involving the right suppliers and service providers. And it doesn’t end there; 
selling and servicing must be carefully considered and that process needs to be 
constantly refined to further optimise it on a continuing basis.
Often we see manufacturing viewed as the single process of producing but it is 
much more than that. It is not a simple task to understand or even fix challenges 
within the manufacturing process. Closing down a manufacturing site is only the 
latest act of a business in trouble. The root cause might be in other parts of the 
value chain and sometimes it might lead back to changes in the markets that 
were missed by the leader or owner of the business years before. 
What successful long-term leaders of manufacturing companies and their 
employees deserve are our respect and the acknowledgment of the importance 
of a healthy manufacturing industry for our society, our wellbeing and our future.
“ There has been a lot of negative news about 
the state of manufacturing in our country 
but this could be the trigger for our tipping 
point. Often an initial wakeup call is needed to 
provide a solid ground for positive change.”
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5. Hidden champions
During our many company visits over the last six months, we have been 
impressed by both the quality and quantity of excellent companies across the 
country. We have seen a leadership mindset that does not accept defeat. They 
have found ways to overcome barriers and grow their business. They focus on 
growth and market leadership.
Surprisingly, although these are highly successful companies, they are largely 
unknown. They do not have a voice and often operate in the background as 
hidden champions. Our approach is to identify these companies and create the 
META 500. It will also include university faculties that excel in their collaboration 
with industry.
We want to enable these hidden champions to come forward and work with 
each other. By operating in a more structured way it can help improve everyone’s 
capabilities and ensure sustainable growth. META will capture and transfer these 
successful models to all Australian manufacturing companies through the META 
projects, collaboration hubs and service activities. While the lessons learnt will be 
made available for all Australian manufacturers as scalable practical solutions – 
company specific intellectual property (IP) will stay with that company.
The META 500 will demonstrate what is possible through collaboration and par-
ticipation in cross industry projects and will become the basis for future local and 
international showcases to highlight the vibrant Australian advanced manufactur-
ing industry. 
Advanced manufacturing is much more than technology or new materials, it is 
innovation and collaboration interwoven into the entire value chain and includes 
key suppliers and customers. We have seen these companies in Australia and 
they are operating very closely to what we have seen in a 20 year study in 
Germany on 1200 hidden champions.3 
Table 1 
key Attributes 
1. extremely ambitious targets Want to be a market leader
2. Focus and depth > 50% vertical integration
3. Globalisation direct customer relationship
4. innovation
research and developemnt (r&d) spending twice the industry 
average
5. closeness to customers > 25% of employees contact customers
6. loyalty and highly qualified staff > 50% less turnover rate than average
7. Strong leadership complete identification with the company, >10 years at the top, 
apply common sense to business
Source: Simon, Kucher & partners 2013. 
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META wants to become the centre of excellence for the advanced manufacturing 
industry in Australia. With the help of the META 500 we want to demonstrate 
what’s already possible today and how we can take advantage of the anticipated 
major changes in the global world of manufacturing.
6.  META – creating the engine for an Australian 
advanced manufacturing industry 
META is taking a completely new approach towards the Australian advanced 
manufacturing industry. This includes:
•	 A bottom-up approach (industry supports industry – the most trusted 
relationship);
•	 A cross-industry and national approach, with global connectivity;
•	 Collaboration and sharing between like-minded CEOs (leadership mindset); and
•	 Success models identified through practical projects and collaboration hubs. 
META’s portfolio is designed to target four discrete areas:
1. Collaboration hubs on subjects of high interest (industry defined);
2. Small collaboration projects as proof of concept and scalability;
3.  Lighthouse projects to demonstrate breakthrough capabilities of industry and 
universities combined; and
4. Service activities for the transfer of local/global best practices.
It is expected that the results of these activities will lead to a structured transfer of 
knowledge and success across the entire manufacturing industry.
META will introduce a range of projects and collaboration hubs designed to help 
Australian manufacturers achieve best practice and create new opportunities for 
growth. These initiatives will be created with the help of the META 500 and will 
encompass a broad range of sectors within the manufacturing industry. Here is a 
cross section of some of the projects already in the planning stage. 
Collaboration hubs:
•	 Business excellence – an IT based continuous collaboration hub where 
members can share business excellence knowledge and experience.
•	 Soft materials for additive manufacturing – significant advances have been 
made in the field of additive manufacturing or 3D printing. However, applications 
are largely limited by the range of suitable (especially soft polymeric) materials 
available. This hub will bring applied research expertise to industry that could 
benefit from this leading research. 
Collaboration projects:
•	 Continuous flow chemistry technology – transformational manufacturing 
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technology in the fine chemicals sector. This new technology will help the 
Australian chemical manufacturing sector compete against traditional interna-
tional batch manufacturing processes.
•	 Best practices in biopharmaceutical manufacturing – trial of a novel model to 
identify and deliver continuous improvement and best practice projects through 
business to business interactions in the pharmaceuticals industry supported by 
academic business staff.
•	 Supply chain optimisation (armoured vehicles) – to optimise domestic export 
potential by developing collaborative capabilities of domestic manufactur-
ers around enhancing productivity while improving vehicle functionality and 
transforming the supply chain from the provision of lower value-add to higher 
value-add componentry.
•	 Computer integrated manufacturing (CIM) – transacting data between 
organisations involved in a common delivery/program is a hidden cost to 
manufacturing. CIM development will help Australian manufacturing companies 
develop interoperable manufacturing data systems.
Companies have welcomed META’s innovative bottom-up, industry support-
ing industry approach rather than the traditional top down approach. As part of 
this approach, META wants to actively engage with other organisations such as 
industry associations to complement its industry reach. One of the guiding prin-
ciples of META is not to duplicate existing activities.
META does not charge a membership fee at this stage. This has provided three 
very important benefits:
•	 SMEs will be involved as equal partners;
•	 META’s financial independence from industry/universities has enabled an open 
and frank discussion based on honest self evaluation of their strengths and 
weaknesses; and
•	 Active involvement from members will be encouraged in lieu of a financial 
contribution. 
The underlying principle behind META is to provide a launch pad for innovation 
and growth by bringing the industry together to share knowledge. We believe 
the future of manufacturing is bright and by combining the expertise and lead-
ership skills we have seen across the industry we can uncover a wealth of 
untapped possibilities. We want to ensure the industry is given a full runway to 
deliver our shared passion: establishing the global competitiveness of Australian 
manufacturing.
Endnotes
1 MetA; a public funded membership organisation of manufacturing companies and universities in Australia – www.meta.org.au
2  Simon, Kucher & partners, prof hermann Simon, Bonn office, Hidden Champions – The Vanguard for Globalia presentation at the 
productivity, process and innovation conference at the German chamber of commerce, Melbourne Vic, october 31, 2013. www.
hermannsimon.com 
3  Simon, Kucher & partners, prof hermann Simon, Bonn office, Hidden Champions – The Vanguard for Globalia presentation at the 
productivity, process and innovation conference at the German chamber of commerce, Melbourne Vic, october 31, 2013. www.
hermannsimon.com 
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This chapter discusses the impact of key enabling 
technologies (KET) such as information and communication 
technology (ICT) and the Industrial Internet on advanced 
manufacturers in Australia and the positive impact these can 
have on a firms productivity, competitiveness, responsiveness 
and ability to customise products, factors which are crucial 
for a successful advanced manufacturing sector.
5.  Key enabling technologies 
 Dr Swee Mak 
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The modern advanced manufacturing workplace is a complex environment, 
which requires a number of interoperable and seamless information and com-
munication technology (ICT) solutions for:
•	 The improvement in operational processes through ICT driven mechatronics, 
control and analytics, robotics, laser based manufacturing etc.;
•	 Supply network productivity/management through full scale ‘Internet of Things’ 
exploitation, distributed enterprise software, mobile/cloud-enabled enterprise 
connectivity (including customer relationship management software). This is 
dr swee Mak is director of the Future Manufacturing national 
research Flagship. the Flagship was established to help secure a 
competitive and sustainable future for manufacturing. in this role, 
Swee provides strategic leadership for a large portfolio of research 
and development activities that address technological innovation 
needs across various sectors including aerospace, automotive, 
building and infrastructure, cleantech, defence, energy and health. every year, the Flagship 
partners with and provides r&d services to over 1000 companies and organisations both in 
Australia and overseas.
Swee is a highly experienced innovation leader with an established track record in research, 
technology development and transfer, commercialisation, management of complex 
portfolios, international business development and strategic leadership. Swee is also a key 
thought leader and advisor to government and industry. he was a member of the technical 
Working Group of the prime Minister’s Manufacturing task Force and the Manufacturing 
leader’s technical Working Group. Swee has played a major role in identifying the potential 
to create value and improve competitiveness of manufacturing firms by better integration of 
informatics and design with materials and processing technologies.
Swee’s international research reputation was built on his work on sustainable materials and 
manufacturing processes. Swee obtained both his undergraduate and phd degrees in 
engineering from Monash university, an MBA (exec) from the Australian Graduate School of 
Management and is a member of the Australian institute of company directors. Swee is a 
Senior Fellow at the university of Melbourne and a Fellow of the institution of engineers, 
Australia.
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further enabled through standardised information sharing and related infra-
structure. Additionally, increased supply network productivity enables market 
penetration of new business models and technologies through new sales 
channels;
•	 Rapid innovation of products and services through ICT enabled digital design, 
product lifecycle management, simulation, visualisation and analytics of large 
amounts of data. This allows for rapid and less costly delivery of truly differenti-
ated products and services and therefore provides competitive advantage;
•	 Optimal factory/worker interaction leading to a reduction of labour hours 
required for the same output (increased labour productivity) as well as increased 
worker safety; and 
•	 Management of data and interoperability of assets throughout the design, build 
and user phases of an asset, product or service. 
This chapter will explore the impact of emerging ICT enabling technologies, on 
Australian advanced manufacturing. Specifically, 
•	 Robotics (assistive technology and real-time perception for unstructured 
environments);
•	 Mobile devices (ubiquitous connectivity and intuitive and portable interfaces); 
•	 Consumer devices (cheap sensing, processing, and actuation; wearable com-
puting); and 
•	 Cloud services (big data, collective intelligence, sematic web and interoperability).
Even though the development of these enabling technologies is driven by markets 
other than manufacturing, namely consumer, finance and automotive, value will 
be realised for the Australian advanced manufacturing sector by ushering in flex-
ible and agile ICT solutions to respond to global economic drivers.
Adoption of these technologies will have profound impacts on:
•	 Productivity – improvements through the use of various ICT technologies 
ranging from lightweight assistive technologies to big data, which will provide in 
situ training, quality control and physical assistance to the workforce.
•	 Competiveness – improvements through a more cooperative and connected 
supply chain, and the formation of ephemeral virtual enterprises. 
•	 Responsiveness – improving the speed to market, by assisting with the flow of 
information that allows the manufacturer to respond to unpredictable change in 
supply and demand.
•	 Customisation – the ability to personalise goods and services to capture added 
value.
Implementation of a number of these technologies within the advanced manufac-
turing sector is possible today. However, true optimisation of the value of these 
ICT technologies will require implementation across the supply chain – for this, 
disruptive solutions will be required not only in the technologies utilised but the 
business models developed1. 
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The Australian context
The ongoing pressure faced by Australian manufacturing is largely due to the 
relatively high-cost base, lack of scale (production and market) and currency 
fluctuations. These externalities predicate a market outlook that is more globally 
connected, niche, high-value and low-volume. But, just as Shell did in the 1970s2, 
the outlook for Australian advanced manufacturing must be within the context of 
foreseeable global megatrends3 such as:
•	 Great expectation – the expectation people have for personalised products 
and services that meet their unique needs and wants while being delivered en 
masse. 
•	 Virtually here – a world of increased connectivity where individuals, communi-
ties, governments and businesses are immersed into the virtual world to a much 
greater extent than ever before.
Through this foresight, this new world will require Australian manufacturers to 
have the ability to customise on mass, and to adapt to and benefit from changing 
business models. This is important to Australia because through its broad based 
small and medium sized enterprises (SME) manufacturing sector, contributing 
over 50 per cent of the national manufacturing gross domestic product (GDP), 
Australia has a unique position within the global manufacturing market4. However, 
this position is being challenged as the industry’s competitiveness has declined 
over the last five years, as a result of 
internal factors such as increasing 
operational costs, as well as global 
changes, which requires a higher level 
of adaptability that is difficult to reach 
by domestic SME manufacturers.
Key issues limiting the competitiveness 
of the Australian manufacturing sector 
were reported in the recent Prime 
Minister’s Manufacturing Taskforce5 
2012 report that identified:
•	 An uneven number of small firms: Australia’s manufacturing industry is formed 
by a disproportionate number of small firms (86 per cent), many of which 
operate in small markets, restricting its ability to lift competitiveness, productiv-
ity, job generation and technology adoption among the sector;
•	 Skills shortage: The manufacturing industry is experiencing a shortage of skilled 
workers, especially in the heavy fabrication and engineering industry, caused 
by an ageing workforce (the median age of workers is 41 years). On average, 
fewer than two applicants are suitable to fill vacancies in the industry for each 
job application; 
•	 High costs: Rising living and energy costs and weak productivity growth have 
made Australia a high-cost economy by international standards. Meanwhile, 
“ …this new world will require Australian manufacturers 
to have the ability to customise on mass, and to adapt 
to and benefit from changing business models. This is 
important to Australia because through its broad based SME 
manufacturing sector, contributing over 50 per cent of the 
national manufacturing GDP, Australia has a unique position 
within the global manufacturing market.”
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low-cost competitors are emerging, while manufacturing centres in Europe and 
the USA are growing stronger;
•	 Decrease in demand: Manufacturing activity has shrunk for the ninth consecu-
tive month as of May 2012, as it has been adversely affected by a slowdown 
in related areas of domestic demand such as residential and commercial con-
struction; and
•	 Strong emerging competition: China has now emerged to compete against the 
USA as the world’s largest manufacturer and, in doing so, it has reduced margins 
and radically disrupted global supply chains. Consequently, some Australian 
exports have become entirely unprofitable and some domestic markets are 
facing import competition for the first time.
In associated industrial sectors6, ICT solutions and systems were developed, 
piloted and implemented to address similar key challenges and in many cases 
were able to provide productivity increases through the more efficient transforma-
tion of labour, information and resources7.
ICT has turned the globe into an increasingly interconnected network of individu-
als, firms, schools and governments communicating and interacting with each 
other through a variety of channels and providing economic opportunities tran-
scending borders, languages and cultures. ICT has opened new channels for 
service delivery in areas such as e-government, education, e-health and informa-
tion dissemination. 
However, orders are still received and manually entered into business systems, 
bills of materials prepared and then re-entered into production systems: this of 
course invites errors. This lack of supply chain interoperability is a significant and 
largely unrecognised cost for Australian SMEs. However, the problem is interna-
tionally well recognised and larger original equipment manufacturers (OEMs) have 
typically put in place product lifecycle management (PLM) systems. Suppliers 
to these OEMs typically adopt the same solutions to ensure data exchange or 
use alternative systems with data translation at their own cost. Such de facto 
standardisation makes sense in Europe and the United States, as OEMs tend to 
be (a) much larger than their Australian counterparts and (b) have much higher 
customer specific revenue. 
These two factors jointly drive the adoption of common Australian SME centric, 
PLM systems as they derive a small part of their turnover from many different 
customers in many different sectors in addition to often being at the end of a very 
long supply chain. 
For example, within the Australian aerospace sector, manually entered engi-
neering data of a received purchase order into an in-house enterprise resource 
planning (ERP) system costs roughly A$120 per order. With approximately 200 
orders per month, a total cost of A$288,000 per year is incurred and if an error 
is made and an order has to be re-processed or fabricated, the data handling 
costs for this alone can be up to A$1200 for a typical order, not to mention the 
actual production cost and any penalties the company might incur for potentially 
missing customer on-doc. 
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Based on an approximate annual turnover of A$20 million and a margin of 
approximately 10 per cent, the cost of initial engineering data entry is therefore 
approximately 1.4 per cent of turnover or 14 per cent of profit for what is essen-
tially a non-value adding data exchange activity.
This is where ICT comes in, by providing ways to facilitate and manage the com-
plexity of these information-intensive processes, as well as to achieve integration 
of manufacturing activities within and among manufacturing enterprises. 
Fit-for-purpose 
The sale of a single product may now mean that a commercial relationship with 
a customer continues into the future through an ongoing ICT enabled, service 
business model. This link can enable product and process improvements by cap-
turing information about product performance. Information links also allow firms 
to bundle products with services and lock customers into product enhancements 
and purchase of value added services – including project management and con-
sultancy. These services may be more profitable than original product offerings. 
There are, however, wide disparities in the productivity growth rates of different 
manufacturing industries, and it appears that the less technology oriented and 
lower capital industries are recording lower productivity growth rates8. 
Process related ICT investments will not of themselves deliver an economic 
return. If nothing changes about the way work is done then the role of ICT is 
simply to automate an existing process, and the economic benefits are likely to 
be minimal9. Successful introduction 
of ICT enabled production tech-
nologies has been accompanied by 
a fundamental redesign of business 
processes and business models. 
The rise of Kickstarter10 being a case 
in point of innovative models for not 
only capital raising but for the iden-
tification of lead and influential user 
cohorts. Further, given competitive pressures, novel ways of attracting ideas and 
responding to customer needs that will stimulate innovation will also play a part, 
with Gartner identifying that by 2017, over half of consumer goods manufacturers 
will achieve 75 per cent of their consumer innovation and research and develop-
ment (R&D) capabilities from crowd sourced solutions11.
There is a latent need for affordable, fit-for-purpose, ICT solutions for Australian 
SMEs, to address productivity issues, facilitate fabrication of small runs of 
customised products as efficiently as possible, enable creation of safe high-per-
formance workplaces in which human capacity to do their jobs are maximised, 
economically viable, easy to use, and adaptable to operational processes already 
in place.
“ Conventional automation, such as that used in automotive 
manufacturing, is driven by the need to automate specific 
mass manufacturing tasks. However, economic drivers for 
Australia demands less focus on large volume production, and 
more concentration on mass personalisation of products.” 
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Conventional automation, such as that used in automotive manufacturing, is 
driven by the need to automate specific mass manufacturing tasks. However, 
economic drivers for Australia demands less focus on large volume production, 
and more concentration on mass personalisation of products. This macroeco-
nomic environment therefore predicates a national quest for affordable assistive 
automation solutions that support high variety/low volume production runs that 
are easy to implement, highly flexible, and adaptable to operational processes, 
equipment and human resources already in place. 
Fit-for-purpose for Australian advanced manufacturing specifically relates to the 
ability to:
•	 Be highly responsive with great customer insights and connections;
•	 Deliver customised solutions rapidly – flexibility in scope; and
•	 Excel at low volume manufacturing – high scalability – adjust easily to different 
volumes. 
According to the US’s National Institute of Standards and Technology12, there are 
key elements that define and, therefore, enable flexible advanced manufacturing 
environments from the factory floor to the communications across the supply 
chain, namely;
•	 Mobility across dynamic and unstructured environments;
•	 Autonomous (or semi-autonomous) operation in uncertain or unstructured 
environments;
•	 Ability to manipulate and interact with a changing external environment;
•	 Capable of achieving desired outcomes without the need of a fully pre-pro-
grammed script;
•	 Ability to perform tasks in close operation with humans; and
•	 Ability to augment the reality or the physical capabilities of a human user.
Addressing the ICT market failure
There is currently market failure in the provision of ICT technologies for advanced 
manufacturing SMEs to support the responsiveness of Australia’s industrial 
sector through fit-for-purpose information technology (IT) service innovations 
that improve the transformation of labour, knowledge and resources to address 
Australia’s industrial competitiveness.
From the supply side perspective, key issues include the mediocre communica-
tions infrastructure resulting in lower quality of service, security, interoperability 
and disproportionate costs through to ICT products being designed for larger 
industrial firms and not SMEs.
On the demand side, key issues include the limited ICT literacy of SME owners 
and employees (and the associated capital, on-going maintenance, and adoption 
training costs both in terms of time and money) through to the risk in taking a firm 
through a learning curve that may be difficult and costly13. 
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Practically, the future enabling ICT technologies will need to transition from:
•	 Expensive to affordable in terms of capital and operational cost;
•	 Static to flexible and mobile in terms of ability to do many tasks and interoper-
able and compatible with a raft of technologies; 
•	 Requiring expert, competent technical operators, to a system that anyone can 
use and configure; and
•	 Bulky to lightweight in terms of size, weight and power requirements.
Four key technology capabilities have been identified to enable this translation – 
human machine interfaces (HMI), robotics, informatics and perception. However, 
to maximise the return on investment, the four capabilities must be implemented 
in a seamless and cooperative manner such that:
•	 HMI and robotics leads to advances in mobile tele-presence. The ability to go 
anywhere;
•	 HMI and informatics leads to advances in social networking and therefore to 
collaboration; 
•	 Robotics and perception leads to the development of lightweight robotics – 
solutions that are low-cost and easy to deploy; and
•	 Informatics and perception leads to advances in digital worlds – where the virtual 
worlds available on the Internet will ‘mirror’ what is happening in the real world.
Figure 1 
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Noting the Booz and Co 201314 survey, that identified that “companies (that)
made significant use of these digital enablers were 77 per cent more likely to 
report that they outperformed competitors than were those with low or moderate 
usage rates”, our vision is an advanced manufacturing environment in which ICT 
systems and services, the workforce and autonomous systems are able to seam-
lessly, reliably and safely collaborate. Value will be realised in combining these 
techniques to produce novel fit-for-purpose solutions for advanced manufactur-
ing as described in Figure 1. 
High performance workplaces
The competitive advantage provided by ICT intensive products is not the ICT per 
se, but the attributes, properties and customised service offerings that the ICT 
enables and which are embedded in the product. It is the clever use and incorpo-
ration of ICT that becomes a differentiator. This re-affirms the contemporary view 
in business strategy and marketing that customers do not purchase products: 
they purchase the stream of valued added services/experiences that products 
provide.
ICT differs from other infrastructure assets in that it supports the generation of 
knowledge that can be adopted, applied and used for innovation in business 
and manufacturing processes and in enhancing the functionality of products and 
services. It involves distributed and delocalised processes both within a factory 
as well as across factories, from source to factory, and across networked enter-
prises. Consequently, data associated with the manufacturing process is also 
often delocalised and distributed.
However, a crucial component of the factory of the future will be just the oppo-
site: information will flow across all boundaries within a factory, across multiple 
processing systems and multiple enterprises. In this proposal we focus on devel-
oping systems, based on modern semantic web and knowledge representation 
technologies, to show how processing information barriers within the factory – 
and by extension outside the factory and across factories – can be broken down.
Within a factory, barriers exist between the ’tactical’, ‘strategic’ and ‘executive’ 
layers – as described in Figure 2. The tactical layer of a factory incorporates 
its physical day-to-day operation: here processing takes place and sensors 
generate and deliver data to actuation systems, which regulate the production 
process. The strategic layer of the factory contains mainly digital objects (for 
example models) required to keep the factory operating on a day-to-day basis 
and is responsible for the optimisation of production depending on, for example, 
demand. The executive layer also contains digital objects, but at a higher level of 
granularity: here the factory is modelled in the context of the world around it (for 
example how do raw materials availability and market conditions affect the opera-
tions of the factory) and therefore provides decision-support and management 
capability.
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As external demands impact upon the virtual factory (customer demand, supply 
chain availability and cost), executive decisions are made. In particular what type 
of product is to be manufactured – today we make widget X, tomorrow we make 
Y. This requirement is fed down to the digital factory, which look at the current 
situation and make a strategic decision as to what and how something will be 
manufactured. This is then passed down to the smart factory (the factory floor) 
where tactical decisions are made. 
Connecting these layers together is the motivation behind the industrial Internet. 
The industrial Internet is a term coined by GE and refers to the integration of 
complex physical machinery with networked sensors and software15. The indus-
trial Internet draws together fields such as machine learning, big data, the Internet 
of Things (IoT) and machine-to-machine communication to ingest data from 
machines, analyse it (often in real-time), and use it to adjust operations.
Virtual factory – executive layer
• Simulation of factory and the world around it
• Interactive and collaborative user interface
• Decision support (simulated scenarios)
Digital factory – strategic layer
Smart factory – tactical layer
• Smarter sensing and actuation around each process
• Reconfigurable/adaptive/responsive processes
• Improved situational awareness – quality assurance/
   quality control
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• Live (real-time) digital model of factory
• Fully integrated across the production cycle – data fusion
• Optimisation of production based upon demands
Figure 2 
fActories of the future: inforMAtion flow 
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The industrial Internet is enabling this change to be more productive by making 
the physical world of industry more intelligent. By connecting machines to the 
Internet via software, data is produced and insight into the manufacturing process 
is gained. These machines become part of an intelligent network that can auto-
mate information and action to optimise plant floor performance16. This voice of 
industry is further reflected in the Economist Intelligence Unit17 analysis that with 
falling technology costs and developments in IoT technologies will go beyond just 
a nice technology to have to being an essential way of doing business.
The factory floor is the nucleus of a company and when properly optimised, it is a 
competitive advantage. With a greater level of visibility at the plant level, manufac-
turers can achieve greater predictability in output, cost and quality.
One of the key requirements of the industrial Internet is perception: knowing 
where you are (localisation) and knowing where everything else is (mapping). 
Perception can pose significant challenges to both man and machine. Sensors 
in the traditional manufacturing environment have been vision, proximity detection 
and Radio Frequency (RF) tags. Unfortunately these sensors are not suitable in 
dynamic and unstructured environments, such as those found in the mining and 
military industries, where there is little control over the environmental conditions 
(for example lighting). In this domain, GPS (Global Positioning System) and LIDAR 
(Laser Detection and Ranging) have been the sensors of choice. 
CSIRO has been using 2D scanning 
LIDARs (lasers that scan in a 2D 
plane) for more than 15 years: first 
to track the location of ropes sup-
porting a dragline bucket, and later 
for navigation of an underground 
loader. More than 10 years ago, 
LIDARs were used to map the terrain 
beneath mobile mining equipment 
(such as draglines, shovels and 
haul trucks). In these scenarios, the motion of the equipment is used to provide 
the third dimension of scanning by ‘painting’ the LIDAR footprint across the 
environment. This same technique is presently employed in commercial mobile 
mapping systems used primarily for street mapping. However, in such systems, 
an accurate knowledge of the scanner position and orientation is required at all 
times, and in environments that are GPS-deprived this creates a challenge. To 
address this problem, very sophisticated software algorithms were developed to 
use the environment itself to calculate the location and orientation of the sensor 
while it is continuously in motion. The challenge of building a map and estimat-
ing motion in an unknown environment without an external reference system is a 
well-known problem in the robotics community called Simultaneous Localisation 
and Mapping (SLAM), and CSIRO has been at the forefront of this development. 
What is particularly significant about this development, is that these techniques 
have application to the more ‘casual’ manufacturing environment that is familiar 
to SMEs and other advanced manufacturing industries, where it is not always 
possible to control what is happening on the factory floor. Once again the 
“ Before we get too excited about the opportunities for ICT 
enabling technologies for the manufacturing industry, it is critical 
to acknowledge that adoption is a significant barrier to securing 
the latent competitive advantage. While 96 per cent of SMEs 
reported that they were online, only 19 per cent of those said 
that they had some form of digital business strategy.”
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environments are quite dynamic and unstructured, and it is necessary to achieve 
perception without control over every aspect of the environment. The software is 
now smart enough to cope with uncertainty and change. This dramatically lowers 
the cost and installation time to deploy a system. This is shown in Figure 3 above, 
where an aircraft factory was mapped with a small hand held mobile mapping 
system, Zebedee18, without the need for additional infrastructure.
Conclusion
How do we increase productivity, safety and adaptability of the future workplace? 
The most important step is to place the worker at the centre (worker centric) and 
then deploy ICT technologies in the workplace to provide the worker with:
•	 Skills through expert, remote tele-assistance guidance19;
•	 Perception with augmented reality goggles, virtual reality systems, distributed 
sensing systems;
•	 Strength and dexterity through cooperation with assistive robotic systems;
•	 Reach through tele-supervision to address safety issues (such as operations in 
confirmed and hazardous environments) and the tyranny of distance; and
•	 Creativity through initiative design systems. 
There is no doubt that the prospects of companies adopting IT-based enabling 
technologies and services will become more prominent and given the ubiquitous 
nature of ICT technologies and services, it will be the business models and inno-
vative approaches that are developed in concert with these technologies that will 
also make a great deal of difference.
Figure 3 
Zebedee lidAr scAn of AircrAft 
A d v A n c e d  M A n u f A c t u r i n g   B e y o n d  t h e  p r o d u c t i o n  l i n e
111
Social science
Human factors
Informatics
Communications
Sensors
Robotics
Engineering
Guardian angel
• Monitors environment
• Tracks people and assets
• Makes work safer for humans
Guardian mentor
• Worker augmentation
• Provides skills and training
• Makes work easier for humans
Guardian helper
• Provides physical assistance  
• Robotic co-workers
• Works with humans
Guardian worker
• Provides remote assistance
• Tele-operated robotics 
• Works for humans
• Collaboration
• Interface 
• Observatory
Augmentation
• Monitoring 
• Modelling 
• Management 
Awareness
• Navigation
• Manipulation
• Cooperation
Assistive
Implementation Investment Innovation
Business is supporting this proposition and in response, CSIRO envisages that 
such a guardian system (see Figure 4 above), with the workers’ interest at the 
core, will increase rate (productivity), yield and safety, lower costs through avoid-
ance and reduction pathways, allow the reincorporation of retired workers in the 
productive process, increase worker retention and satisfaction in the manufac-
turing sector and generate new market opportunities for Australian technology 
companies.
Before we get too excited about the opportunities for ICT enabling technologies 
for the manufacturing industry, it is critical to acknowledge that adoption is a sig-
nificant barrier to securing the latent competitive advantage. While 96 per cent 
of SMEs reported that they were online, only 19 per cent of those said that they 
had some form of digital business strategy20. For those that did, it was most likely 
to be focused on the Internet and website development. This statistic is con-
trast with the public’s insatiable appetite for mobile technology – at 65 per cent 
Australia has one of the highest smartphone penetrations in the world, with more 
than four in 10 SME CEOs reporting owning a tablet.
New technologies must be intuitive, simple and easy to use. This is a consider-
able challenge for the adoption of emerging technologies and clearly highlights 
the profound impact the right combination of design, social factors and smarts 
can have. 
Figure 4 
guArdiAn: rAte And sAfety focused high perforMAnce workplAces 
worker centric:
increase productivity, safety and adaptability of future workforce through virtual and assistive automation 
technologies
• Low-cost, from purchasing price and installation costs, to reprogramming and maintenance costs
• Easy to use, without the need of technical expertise to deploy, operate and reconfigure the systems
• Support mass customisation, ideal for small runs of multiple types of products
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SA department of Further education, 
employment, Science and technology
SA department of planning, transport  
and infrastructure
SA department of primary industries  
and regions
SA department of the premier and 
cabinet
SA power networks
SA Water corporation
SAce Board
thomson Geer
university college london
university of South Australia
Workskil 
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tAs
Aurora energy 
hydro tasmania
nekon 
tasmanian department of economic 
development, tourism and the Arts
tasmanian department of premier and 
cabinet
transend networks 
university of tasmania
vic
AAustralian institute of Management
Australian unity
BASF Australia
Benetas
Box hill institute
cabrini health
city of Melbourne
clean energy council
cSl 
exxonMobil Australia 
Ghd 
Gilbert + tobin
iFM investors
independent Broad-Based Anti-corruption 
commission Victoria (iBAc)
independent Schools Victoria
JAnA investment Advisers
Jo Fisher executive
la trobe university
linking Melbourne Authority
litmus Group
Marchment hill consulting
Medibank
Melbourne Water corporation
Monash university
Monsanto
national Australia Bank 
nhp electrical engineering products
open universities Australia
oppeus international
oracle corporation Australia 
pGA Management 
pitcher partners
public transport Victoria
pwc Australia 
reA Group
rMit university
South east Water
Sustainability Victoria
telstra 
the Bank of tokyo-Mitsubishi
the Future Fund
the Myer Foundation
thiess 
toyota Motor corporation Australia 
transdev
treasury corporation of Victoria
united energy and Multinet Gas
urbis
Victorian department of human Services
Victorian department of premier and 
cabinet
Victorian department of transport, 
planning and local infrastructure
Victorian department of treasury and 
Finance
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Victrack
Western Water
Wilson transformer company
WorkSafe Victoria
wA
AGi Australia
Atco Australia 
Australian Bureau of Statistics
Bankwest
Brookfield rail
chevron Australia 
citic pacific Mining Management 
city of Greater Geraldton
city of perth
clifford chance
conocophillips
dampier Bunbury natural Gas pipeline 
nominees  
edith cowan university
Fortescue Metals Group
Georgiou Group 
Gerard daniels
GFr
Grose international
hASSell
horizon power
K&l Gates
landcorp
lavan legal
leighton contractors 
Main roads, Western Australia
Murdoch university
optaMAX 
pilbara development commission
public Sector commission
Synergy
the chamber of Minerals and energy of 
Western Australia
the university of Western Australia
toro energy 
unitingcare West
WA department of Agriculture and Food
WA department of regional development
WA department of treasury
WA department of Water
WA Water corporation
WA treasury corporation
Wesfarmers
Woodside energy 
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cedA board of directors
Geoff Allen AM
national chairman, cedA; director, Acil Allen consulting;  
and Founder and former director Allen consulting Group
Angus Armour
deputy director General – industry, innovation, hospitality and the Arts,  
nSW department of trade and investment, regional infrastructure and Services
Dr John Edwards
Board Member, reserve Bank of Australia
Patricia Faulkner AO
chair of the national health performance Authority and member of the coAG reform council
Professor the Hon. Stephen Martin
chief executive, cedA
Mary Ann O’Loughlin AM
executive councillor and head of the Secretariat, coAG reform council
Dr Sally Pitkin
consultant, clayton utz
Ian Satchwell
director – international Mining for development centre
Catherine Sinclair
director, the consultancy Bureau
Stephen Spargo
partner, Allens
Andrew Stevens
Managing director, iBM Australia and new Zealand
Ian Stirling
ceo, electranet 
Professor Glenn Withers AO
professor of economics, crawford School of public policy, Australian national university
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cedA board of governors
Martin Albrecht Ac
Geoff Allen AM
laureate professor Adrienne clarke Ac
ivan deveson Ao
professor Julian disney Ao
laureate professor peter doherty Ac
peter duncan
the rt hon. Malcolm Fraser Ac
professor Margaret Gardner Ao
the hon. Sir James Gobbo Ac
the hon. nick Greiner Ac
professor Sandra harding
dr Allan hawke Ac
hon robert hawke Ac
elaine henry oAM
dr Ken henry Ac
the hon. John howard Ac
Graham Kraehe Ao
John langoulant Ao 
catherine livingstone Ao
professor the hon. Stephen Martin
John Massey
paul Mcclintock Ao
dr Stuart McGill
Andrew Mohl
terry Moran Ac
david Mortimer Ao
Warren Mundine
John phillips Ao
dr Kerry Schott
dr John Schubert Ao
dr Ziggy Switkowski
richard Warburton Ao lVo
peter Wills Ac
National
Level 13, 440 Collins Street 
Melbourne VIC 3000  
GPO Box 2117 
Melbourne VIC 3001 
Telephone 03 9662 3544 
Email info@ceda.com.au 
New South Wales  
and the ACT
Level 14 
The John Hunter Building 
9 Hunter Street 
Sydney NSW 2000 
GPO Box 2100 
Sydney NSW 2001 
Telephone 02 9299 7022 
Email info@ceda.com.au 
Queensland
Level 17, 300 Adelaide Street 
Brisbane QLD 4000 
GPO Box 2900 
Brisbane QLD 4001 
Telephone 07 3229 9955 
Email info@ceda.com.au 
South Australia and the  
Northern Territory
Level 7  
144 North Terrace 
Adelaide SA 5000 
PO Box 8248, Station Arcade 
Adelaide SA 5000 
Telephone 08 8211 7222 
Email info@ceda.com.au 
Victoria and Tasmania
Level 13, 440 Collins Street 
Melbourne VIC 3000 
GPO Box 2117 
Melbourne VIC 3001 
Telephone 03 9662 3544 
Email info@ceda.com.au 
Western Australia
Level 5  
105 St Georges Terrace 
Perth WA 6000 
PO Box 5631, St Georges Tce 
Perth WA 6831 
Telephone 08 9228 2155 
Email info@ceda.com.au 
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